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Executive Summary

The present report, entitled Emerging sciencerontier
technologies, and the SDG<$erspectives from the UN
system and science and technology communiiies
presents theupdated 2021 TFM findingson the impact

of rapid technology change on the achievement of the
SDGs together with sciencepolicy briefs, updates and
other materials upon which the findings are based

The TFM findings represent a collaborative, multi
stakeholder achievement. Experts from within the UN
and outside have contributed, including through virtual
meetings and over 40 dedicateddence-policy briefs.

A special thank youfor their substantial contributions
goes tothe TFM 10-Member-Group, colleagues from
DESA, UNCTAD, ITU,

The pandemic financial stimulus has been enormous,
but not yet focused on longer term measures for a
human-centred, green, sustainabé, R&D and
technology-focused recovery. The R&D
underinvestment is puzzling: surely the crisis has
demonstrated its importance.

Public funding for basic research needs to be greatly
expanded and sustained even beyond these times as a
vital part of our resilience strategy. Consider this: the
fundamental biotechnology knowledge that made rapid
COVID19 vaccine development possible was due to
years of public funding for basic research.

Frontier technologies have made a real difference in

ILO, ESCWA, UNEP, UNIDO, COVID19 responsesExamples include contact tracing

UNESCO, ESCAP, UNU, WFP, OOSA, UNDP, WIPO, andipps; space science; viral spread simulations on

World Bank, as well aghe many extemal experts.

We must ask: how are things different in the face of our
experience with COVIBL9? What does it mean for the
way forward? The 2021 TFM findings provide partial
answers.

New elements of TFM findings

The 2019 TFM findings remain valid but new elements
are needed.

COVID19 has greatly amplified the importance of STI
for our well-being, even for our survival. But it has also
exposed weak interfaces with policy and society, and
ineffective institutions, often victims of underfunding.

COVID19 has accelerated digitalisation, along with its
now well-recognized impacts, both positive and
negative. Vitally, 3 billion unconnected are still
excluded. This has worsened existing technology
divides.

The crisis has accelerated inovation in medicines,
vaccines, biotechnology, digital technologies and
artificial  intelligence. Scientific  discovery and
collaborations have sped up, new ways of delivering
services have proliferated.

Our pre-pandemic innovation system had operated well
below its real potential, but we can supercharge it in
times of crisis. However, we should not forget that
mission-oriented innovation of this type has benefitted

from international R&D cooperation and billions in

bOAT EA &O01T AET C A&l O
technology and massive online learning. Therefore, the
returns from these must also be broadly available to the
public.

ONPA A A

supercomputers; PCR testing; mRNAased vaccines;
synthetic nano-scale antibodies; 3D printing of PPE; and
big data to support policy effectiveness.

Massive drive for COVIIaccines must be replicated for
the 20 neglected tropical diseases which continue to
affect one billion people. At the same time, questions of
access can no longer be put on the back burner. The task
team brought together proponents of open science on
the one hand and of strict intellectual property rights on
the other. Interestingly, they agreed that there is no
fundamental contradiction between the two and that
there are constructive ways forward for addressing the
great global challenges.

A worldwide, profound techno-economic paradigm
transition is under way towards a greener global
economy. It creates new windows of opportunityfor

innovations, productive transformation, and new jobs
and employment opportunities. This transition needs to
be managed in grocess of social dialogue in order to
generate a just, fair and inclusive transition process.

Science systems must be transformed. The pandemic
revealed deficiencies in the capacity of science systems
to respond to new priorities in a timely manner, whik
limiting the disruption to ongoing research.

The new governance around data makes it complex to
re-balance human dignity with economic benefits,
thereby putting fundamental human rights at risk in the

new economy. Fair data, transparent algorithms, and

érli,lsti{vorth)bﬁrcgitgc}gr[e Sr? %s%eﬂtial. i 2

Digitalisation leads to entirely new products and
services with new characteristics that require specific
regulatory and policy solutions. For example, human



digital twins entail a range of ethical dilemmas. Central
bank digital currencies must be regulated to be
inclusive, secure, private, accessible and interoperable.
Digital labour platforms need to be covered by labour
regulations to provide decent work.

@AAD T AOOAT 1T AOx1T OEOGG6 11 x
capabilities in narrow, specific tasks, such as facial
recognition, some kinds of medical diagnosis, and
others. Narrow Al has become ubiquitous in many
countries Z unbeknownst to many. However, billions
remain excluded from its benefits. Performance and
applications grow at exponential rates, with important
implications for the SDGs. For example, Al energy use is
expected to increasingly compete with other uses.

There are many environmentally compatible frontier
technologies which could be deployed across the wat]
Examples include distributed recycling combined with
additive manufacturing, highly energyefficient Al
hardware designs, low data Al, engineering solutions
imitating nature, marine robotics, and saltwater
greenhouses. There is also a large untapped teatial
for highly efficient digital consumer innovations in
mobility, food, buildings, and energy services.

Syntheses of sciencepolicy assessments are important
to enable informed and integrated decisioamaking in

relevant time. However, major knowledge and

assessment gaps remain with regard to digitalisation
and other related frontier technology clusters.
Independent and indepth assessments are needed.

Previous findings remain valid

Previous findings remain valid and included, inter alia,
the following. In fact, the COVIEL9 crisis has further
amplified several of them which calls for even more
urgent action.

The potential benefits of new and rapidly changing
technology clusters are so great for the SDGs and
beyond that we cannot afford not to make us of them.
Technology change creates winners and losers,
involving risks, and potentially exacerbating gaps and
inequalities.

Rapidly declining costs of new technologies can
broaden access to the benefits of technology and enable
much more rapid development, but they also present
extraordinary policy challenges that call for an
extraordinary level of international cooperation. Many
countries may need to find new development pathways
that incorporate these technologies and to rethink
employment and income dstribution issues.

The overall employment effects will depend on the
specific circumstances within sectors and various local
contexts. Computers and robots could replace as many
as half of all human jobs in the coming decades
essentially precluding tradtional routes to achieve
efeyeroy: GRyelgepsntAn ey EPP”E'?.‘?E *ES’EZ\t.hey
could also create many new jobs. Itiis unclear how jobs
losses and job creation will compare and how they will
be distributed, however, we need to be prepared for
different scenarios to unfold.

Governments will need to rethink and re-organize how
they match the supply of skills to the rapidly evolving
job market needs in formal and informal education
systems. Some TFM experts call for testing proposals for
technological unemploymen insurance, guaranteed
income policies, and a range of other compensatory
social policies.

New materials, digital, bie, and nanotechnologies, and
Al all hold great promise for water and renewable
energy systems.Environmental considerations should
be incorporated into the design of these technology
systems from the start.

Our knowledge and understanding of new technology
trends z especially in developing countries need to be
expanded as the basis for welfounded actions and
policies. TFM experts propsed building partnerships
and interfaces with universities, labs, innovation
incubators, and private sector entities that are at the
forefront of this technological change, potentially in the
form of a discovery lab or a network of interfaces
between the policy makers and technologists at the
frontier, facilitating the exchange of realtime
information, engagement, and policy insights.

Calls for a more responsible and ethical deployment of
new technologies have to be balanced against concerns
that excessve restraints on innovations may deprive
humanity of many benefits.

Fostering policy coherence and multistakeholder
dialogue is more important than ever coherence across
policies for macro-economy, science and technology,

industrial development, human development and
sustainability; and multi-stakeholder dialogue to
present different perspectives, arrive at shared

understanding and establish trust.

Looking ahead

Rapid scientific and technological change is among us,
and it is not going away. The COVIDO shock has forced
a re-examination of virtually everything we do.



The current TFM findings stand to be refined further
through discussions at this Forum and beyah

They also serve to indicate central areas of work, where
the TFM stands ready to add value and advance
understanding.

When we work together z across national borders,
across groups, disciplines and stakeholder groupswe
as humanity can harness sciercand technology to the
benefits for all of us, now and into the futureWe hope
that the findings of the TFM presentedn this report will
support this endeavor.



. Introduction

The 2030 Agenda for Sustainable Development
launched a Technology Facilitation Mechanism (TFM),
which had been established by the Addis Ababa Action
Agenda in order to support the Sustainable

Development Goals. Member States agreed that it would
€} AA A A OA AstakeHolderA collhb@ratiGnE

between Member States, civil society, the private sector,

the scientific community, United Nations entities and
other stakeholders and will be composed of a United
Nations interagency task team on science, technology
and innovation for the sustainable develapent goals, a
collaborative multi-stakeholder forum on science,
technology and innovation for the sustainable
development goals and an online platfort.

The technicah AOAT x1 OE
Team on Science, Technology and Innovation fohe
SDGs (IATT)has beencarried out in dedicated work
streams. In particular, IATT Work Stream 10(WS10)
Al A O O Axpalyticdl wodkx on emerging science and
technologies and the SD&%he IATT brings together 45
UN entities, 9 of which are currently active in work
stream 10, including DESA, UNCTAD, UNIDESCWA,
ILO, ITU, UNEP,UNESCO, and the World Banklany
others have contributed on specific outputs, including
UNU,ECLACESCAP, ECAOSAWIPO,and ICGEB

IATT WS10has prepared this report to feature recent
perspectives fromexpertsin the UN system and science
and technology communities on emerging science,
frontier technologies, and the SDGBATT WS9 also
provided important inputs on STI4SDG roadmaps.

The report features contributions in the form of science
policy briefs and updates on expert activities and
findings of flagshipreports. This includes contributions
from eleven current and former members of the UN
SAAOAOAOU :MArmbArGrolipdod Higp-lavel
Representatives in support of the TFM Other
contributions are from expert staff in the UN system
(most of which are lead authors of UN system flagship
reports), academics,NGG and experts in the private
sector.

Perspectives included in the rport reflect on what
emerging science and frontier technologieshave
achieved and where they have faileduring the COVID
19 pandemic (chapter IIl). In particular, they draw
lessonsfrom the pandemicfor policy and the science
policy-society interface, present ®lected technology
solutions and case studiesand country experiences
Beyond the pandemic, othemperspectives address the

10
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impacts of emerging science and frontier technologies
on the achievement of the SDGgboth in recent years
and looking forward until 2030. This includes
contributions on science and technology policy; on
digitalisation, artificial intelligence and robotics; onbig
Earth data; on the environmental dimensions of frontier
technologies and specific solutions and actities
(chapter 1V). Looking further ahead to 2030 and
beyond,chapter 5 provides perspectives orelements of
science, technology and innovatiorroadmaps for the
SDGs

The scope of tle presentreport is vast. This isby design
as TFM experts wereasked through an open call to
submit sciencepolicy briefs that highlight issuesthey
Wodld ké e itrdrraifonal ddmmuAi® B consider.
( AT AAR
have set the agenda and scope of the present repdFhe
briefs outline empirical facts/issues andpresent policy
recommendations.

Submissions had to pass a peereview that focused on
technical aspects, readability and the scientific and
engineering evidence presentedThis also means that
not all contributions could be acceptedHowever, peer
reviews did not assess political aspects or policy merits
of the contributions. It is therefore important to note
that the views expressed in thisreport are those of the
authors and do not necessarily reflect those of the
United Nations or its senior managementinstead, an
important purpose of this report is to serve as a Forum
on new ideas ad suggestions that maybe considered by
the TFM community.

We hope you will enjoy this report andpossibly follow-
up with IATT WS10 and some of the authors of the briefs
on their proposals. It is what the TFM is all aboutz
stimulating multi -stakeholder partnerships, analysis
and actions on harnessing science, technology and
innovation for the SDGs.

OEA AET EAA AU OEA A



II. TEM findings 2021

This chapter presentstheseA AT 1 AA 04 & -
Ei DPAAOO
have been traditionally presented by the UN Chief
Economist in the annual Multistakeholder Forum on
Science, Technology and Innovation for the%5s (STI

A. Context and objective

The fast pace of technological change in recent years in
robotics,  artificial  intelligence,  biotechnology,

TATT OAAETT1T U AT A OAlI AOGAA

having broad impacts on economy, society and
environment. At the heart of these trends are
information and communication technologies, and an
increasing number of key scientific and technological
capabilities. While such disruptive technologies can be
vital for breakthroughs in achieving the SDGs, #y can
also have unanticipated consequences, exacerbate
inequalities, and constrain economic catclup
development. Calls for a more responsible and ethical
technology deployment have to contend against those
who fear constraining innovations may deprive gople
of many benefits. In this context, multistakeholder
engagement is essential, because many technology
advances are initiated in the private sector and
academia.

The UN Technology Facilitation Mechanism (TFM) was
created by the Addis Ababa Action Ageta and launched
by the 2030 Agenda on Sustainable Development in
September 2015. The creation of the TFM was of
historic significance, as it brought back substantive STI
discussions to the UN HQ, after decades of political
gridlock.

One of the componentsof the TFM is the Mult
Stakeholder Forum on Science, Technology and
Y111 OAO0ETT £ O OEA 3%' 0
formally reports to the High-level Political Forum on
Sustainable Development (HLPF) in support of its
review of SDG progress and itexplicit function to

OOOOAT COEADI OEA UO AE DIADAEAAA S

The STI Forum has become the premier Ukhulti-
stakeholder space for discussions on STI for the SDGs,
including crossSDG issues such as emerging
technologies and their sustainable development
impacts. The STI Forum proposed a list of initial
recommendations, including on STI roadmaps, and on
the impacts on societies caused by the disruptive effects
of new technologies, such as nanotechnology,
automation, robotics, artificial intelligence, gene
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In other words, this chapter is not only a summary of the
present report but draws on other sources as well.

editing, big data, and 3D printing. Emerging
technologies and frontier issues have been the subject
ot R AQumOLBEiENs Airieh® vely QirstAFArdnA ia
2016. The STI  Forum complements the
intergovernmental deliberations in the UN Commission
on Science andTechnology for Development and
various sectoral, thematic and regional forums in the UN
system.

Another component of the TFM is the Intelagency Task
Team on Science, Technology and Innovation for the
3$' O j Obbtingsttayedher 45 UN system enities
and more than one hundred staff. They work closely
xEOE OER Aot ' O Ob6
society, and private sectorjncluding in order to assess
the impacts of rapid technological change on the SDGs
UN expert group meetingswere held in Mexico City
(2016 and 2018), Paris (2017) Incheon (2017),Vienna
(2020), and online in Aril 2021 These meetings have
mobilized many scientists and experts, and the subject
has featured in successive STI forum3he discussions
on the impacts of dgitalization, artificial intelligence,
biotechnology, nanotechnology, and other technologies
are expected to continue

In the IATT, this work has ledto a dedicated work
stream on analytical work in which staff have
cooperated for several yearslt built on related work
undertaken by IATT members wth various partners on

i O3mey artll aOv@ricéd (t&chndldgids Snde) thed Ri>+&00

Conference of 2012.

The topic became the primary focus of General
Agsembly resolutions 72/242 and 73/17 on theimpacts

of rapid technology change which requested
presentations of TFM findings at the STI Forums. Initial
TEM findings were presented by the UN Chief
Economist at the STI Forum in 2018 and an update in
2019. Similarly, this year, an update of these TFM
findings will be presented at the STI Forum during a

OAOCOEIT 11 Owi AOGET ¢ OAEAI
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documented in this chapter.

B. Previous TFM findings

4EA 1 AOO WHihdhgs OrEtie@npaes & rapid
OAAETT1TCU AEATCA T1
the STI Forum in 2019, since the Forum in 2020 was
postponed to this year.
4EA 4AOQE
collaborative and multi-stakeholder effort with more
than 100 expert contributors. It built on evidence from
eight meetings and sessions under the TFM umbrella; ten
recent UN system reports; written inputs from IATT and
the 10-Member Group, and 50 scienepolicy briefs
volunteered by expert contributors. Inparticular, experts

4 AAin5a019 /Efrésénied @ 0 OABOOAT OAET AOU
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The findings highlighted the great potential of new

OEA 3tBchrologies tA AherBWhiaaBlé dedeldpment Thef 1

highlighted the need for the UN to promote action to
address global technology risks and gaps. They called for
I AGAT O 1T ~&
against the backdrop of ever chaper automation and Al
in order to enable feasible development pathways for all
countries. New ideas are needed to manage the highly
uncertain employment impacts and concentration of
income and wealth. Some TFM experts specifically called
for testing proposals for technological unemployment

of DESA, UNCTAD, UNU, ECLAC, ESCAP, ESCWA, ITU, lindurance, guaranteed income policies, and a range of

WIPO, World Bank, as well as the International Council on
Science and the Major Group on Children and Youtiade
substantial contributions.

In 2019, vews in the highly diverse TFM community
continued to differ, but consensuswas also growing on
many points. The IATT approachthen as now wasto
simply document the debate, the evidence and the
recommendations put forward.

The following table summarizes these 2019 TFM findings
in nine focus areas. e scope and scale of the impacts of
rapid technological change both positive and negativez
had acceleratedacross the range of economic, social, and
environmental dimensions. At the time, the task team
concluded that he TFM findings hal Gtood the test of
timeoand had not changed substantially from 2018 even
though some of the impacts had increased in intensity,
indicating a need for policy action

10D i AU T £ OEA O4&- £EIT AET cOb

other compensatory social policies Environmental
considerations should be incorporated from the very
start into the design of thenew digital and Al technology
systems, in order to avoid lockin to an unsustainable,
high-energy and highmaterials demand pathway. The
sciencepolicy interface needs strengthening and
knowledge base related to the impacts if technologies
especially in developing countries requires inter@tional
support  through systematic partnerships  with
universities, labs, innovation incubators, and private
sector entties that are at the forefront of this
technological change, potentially in the form of a
discovery lab, facilitating the exchange of rektime
information, engagement, and policy insightsEthical and
normative considerations should guide ouractions in
practical ways. And finally, dstering policy coherence
and multi-stakeholder dialogue remains as important
than ever, in order to present different perspectives,
arrive at shared understanding and establish trust.

T £ ¢cmpw

https://sustainabledevelopment.un.org/content/documents/22742IATT_policy_brief_new_and_emerging_techs.pdf
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2019 TFM findings on the impact of rapid technology change on the SDGs (Status: May 2019)

Great potential
towards achieving
the SDGs

The potential benefits of new andapidly changing technology clusters are so great for the SDGs and
beyond that we cannot afford not to make wise use of them.

Technology risks
and gaps

Technology change has never been neutral, creating winners and losers, involving risks, and potentia
exacerbating gaps and inequalities. The UN has an important roleidentifying, raising awareness and
promoting action on these issues.

Development
impacts of cheap
automation and Al

Rapidly declining costs of new technologies can broaden accesghe benefits of technology and enable
much more rapid development, but they also present extraordinary policy challenges that call for an
extraordinary level of international cooperation. Many countries may need to find new development
pathways that incorporate these technologies and to rethink employment and income distribution
issues.

Employment
impacts

The overall employment effects will depend on the specific circumstances within sectors and various
local contexts. Computers and robots could replace asany as half of all human jobs in the coming
decades- essentially precluding traditional routes to achieve economic development in some countries
but they could also create many new jobs. It is unclear how jobs losses and job creation will compare
and how they will be distributed, however, we need to be prepared for different scenarios to unfold.

Preparing for the
impacts

Governments will need to rethink and re-organize how they match the supply of skills to the rapidly
evolving job market needs in formal and informal education systems. Some TFM experts call for testin
proposals for technological unemployment insurance, garanteed income policies, and a range of other
compensatory social policies.

Natural
environment

New materials, digital, bie, and nanotechnologies, and Al all hold great promise for a range of high
efficiency water and renewable energy systems that cdadi be deployed in all countries and catalyse the
global move towards sustainability. However, despite efficiency increases, Al and all the other emergi
technologies clusters will require everincreasing electricity with its associated pollution and waste
(e.g., ewaste, nanewaste, and chemical wastes), which calls for incorporating environmental
considerations into the design of these technology systems from the start.

Strengthening the
science-policy
interface

Our knowledge and understanding of newechnology trendsz especially in developing countries need
to be expanded as the basis for wefbunded actions and policies. TFM experts proposed building
partnerships and interfaces with universities, labs, innovation incubators, and private sector eities
that are at the forefront of this technological change, potentially in the form of a discovery lab or a
network of interfaces between the policy makers and technologists at the frontier, facilitating the
exchange of reatime information, engagementand policy insights.

Norms and ethics

Calls for a more responsible and ethical deployment of new technologies have to be balanced against]
concerns that excessive restraints on innovations may deprive humanity of many benefits. Ethical and
normative consderations that should guide our thinking on these issues have to spring from our share
vision - the values contained in the UN Charter, the Universal Declaration of Human Rights, the Rio+2
i OOAT T A OG4EA &OOOOA 7A 7 AT O6h oASubtainatle®éveldphénd 1 O

Multi -sectoral and
multi -stakeholder
engagement

Fostering policy coherence and multstakeholder dialogue is more important than ever coherence
across policies for macreeconomy, science and technology, industri@evelopment, human
development and sustainability; and multistakeholder dialogue to present different perspectives,
arrive at shared understanding and establish trust.

SourceslIATT WS10on analytical work on emerging science, frontietechnologiesand the SDGs

The 2019 TFM findings also reported on dtest
activities by IATT partners on new and emerging
technologies The Centre for Artificial Intelligence
and Robotics became operational in the Netherlands
under the umbrella of the UNICRI. OICT launched a
series of UN Technology and Innovation Labs,
starting with project offices in Finland and Egypt.

) 458 O ! )Glodai Somnitifelatdred practical Al
solutions for the SDGs. The UN Secretary General
created a Highlevel Panel on Digital Cooperation and
launched a Strategy on New Technologies. UNDP
joined the Partnership on Artificial Intelligence - a
consortium of campanies, academics and NGOs.
Current IATT efforts on the development of the TFM
13



online platform focus on an Al design. The UNU
Centre for Policy Research created an Al and Global
Governance Platform as a space for public policy
dialogue. DESA published th&Vorld Economic and

Social Survey 2018 on the theme of Frontier
technologies for sustainable development. The 36

session of the CEB HLCP focused primarily on frontier
technologies, with  discussions on capacity
development for Al and the future of work. he

technology chapter of the Financing for Development
Report 2019 was again dedicated to new and
emerging technologies. UNCTAD launched its

Technology and Innovation report 2018 on
Harnessing Frontier Technologies for Sustainable
Development. CSTD 2018 a&h2019 addressed the
issuezOEEO UAAO OODPDPI OOAA AU
report on The Impact of rapid technological change
on sustainable development. Recently, a compilation
of 50 sciencepolicy briefs on frontier technology
issueswas made available orthe TFM website These
examples were merely a glimpse ahe manynew in
the UN system activities on new and emerging
technologiesat the time. Theywere testament to the
high expectations attached to these technologies.

C. New elements in 2021 TFM findings and looking ahead

Two years later and more than one year into the
COVID19 pandemic, the interagency task team, of
course, explored to which extent the previous TFM
findings remained relevant and whether new
elements would need to be added.

To answer these guestions requed the team to also
consider lessonslearned from COVID19. What
difference have emerging science and frontier
technologies made in our responses? Where have
they failed and where have they succeededthd what
does it all mean for the global technologyidides?

Process

To answer these questions, the task team reached out
for inputs to all 45 UN entities that are IATT
i AT AAOOh OEA 5. 3 ANeahddAOU
Group and the STI communities they represent, to
organized science and engineering communis, as
well as to interested experts in academia, civil society
and the private sector. A call for inputs resulted in
hundreds of inputs, including many scienceolicy
briefs submitted by experts,more than 40 of which
passed the peerreview and are included in this
report. In addition, the task team organized a UN
expert group meeting on 8 April 2021 to support
identification of new elements for the TFM findings.
The meeting addressed in particular topics fowhich

a wide range of perspectives continue to exist in the
task team, including on emerging science (what have
sciencepolicy assessments told us in the past year
and what should be their role in the future?);
biotechnology, vaccines, and health technoldgs
(what is needed for closing global divides post
COVID?); the future of artificial intelligence and
technology divides (what should be done?); and open
science and intellectual property issues (how to align
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processes for frontier technologies based on hat we
learned during the COVID pandemic?).

The following findings represent a collaborative,
multi -stakeholder achievement. Experts from within
the UN and outside have contributed Special credit
goes tothe current and former 10-Member Groups
and olleagues from DESA, UNCTAD, ITU, ILO,
ESCWA, UNEP, UNIDO, UNESCO, ESCAP, UNU, WFP,
OOSA, UNDP, WIPI@,GEBand World Bank for their
substantial contributions.

Findings

2019 TFM findings remain valid, but new elements
need to be added

The ROVIPH | ®E1 ANl EA AEMSO EOHAN T
continued relevance and importance of the 2019 TFM
findings and the urgency to act upon them. They
remain fully valid. At the same time, the deficiencies
of our current global science and technology system
have been exposed. Important new eleants need to
be added to the TFM findingg elements that have
always been important, but the pandemic has
highlighted the urgency for action and the costs of
inaction, mostly in rather stark terms. Barely a year
after WHO declared the pandemic, over thremillion
have perished and around one billion have been
infected, many of which with potentially longterm
health effects.

COVID19 has greatly amplified the importance of STI
but weak institutions have been exposed

The COVIBL9 pandemic has greatly ampfied the
importance of science, technology and innovation
(STI) for our well-being, even for our survival.New
scientific findings and technologies are the solution to
the crisis, and in the areas of medicines, vaccines and
digital technologies they have dlivered for humanity



in a record time. Yet, the crisis has exposed
weaknesses in institutionsz political, administrative
and scientific institutions, some of which have long
suffered from underfunding and deficient
governance. Many of the lessonsom the pandemic
relate to science, including basic recommendations to
strengthen health care, invest in science and
education, build trust in science,and improve the
sciencepolicy interface.

COVID19 has accelerated digitalization but also
increased the costo the 3 billion unconnected

COVID19 has greatly accelerated digitalisation
among those who were already online at the
beginning of 2020, making the Internet pervasive. As
of Jan 2021, globally an estimated 4.8 of 7.8 billion
people were Internet users?2 When businesses,
schools and governments in many parts of the world
switched to telecommuting and video callsn spring
2020, Internet traffic increased by around 40 per cent
worldwide in the matter of one month. Reportedly,
this massive move in respons to the enduring crisis
has greatly accelerated innovation in digital
technologies and applications.

On the flipside, 3 billion people remain offline and
deprived from online education, employment or
digital innovations. The pandemic greatly
exacerbatedexisting technological and social divides
Z an unresolved issue that needs urgent addressing.
Billions of peopleremain completely excluded.

While the pandemic instantly expanded the user base
and market for many new services, it is also
important to note that some underlying, pervasive
technology trends have continued with surprising
regularity, despite the COVID shock. For example, the
super-exponential growth in performance and
energy use by largescale providers, such assoogle,
Facebook andAmazon Web Servicesince 2017 has
continued without delay.

Replicating innovation acceleration due to COVHD9
in other areas

In some ways, our global innovation system in
Ol 1T 0i Al 6 OEIi A0 EAO
But the good news is that tke ongoing COVIEL9 crisis

has shown that we can supercharge it in times of
crisis. The enduring pandemic has accelerated

innovation in  medicines, vaccines, digital
technologies and artificial intelligence, as many social
and economic activities were movedonline, quasi

overnight. Leveraging on these experiences holds
promise for our greatest collective trials beyond

COVID19 - curbing climate change, resolving
inequalities and resetting our unsustainable
relationship with nature.

While vaccination campaignsremain in catch-up

mode with virus mutations due to high infection case
numbers, the quick development of vaccines with
high efficacy and their testing in unprecedented
record times is testament to the resilience and
capability of the global innovation swtem. A key
guestion is to which extent the innovation system
could be equally mobilized to invent, innovate and
deploy new technologies to address socieconomic,
environmental and other sustainable development
challenges. It is important to note that mision-

oriented innovation of this type has benefitted from
earlier global R&D cooperation and public funding for
OOAAAET A DI AOAI Oi 66h 2.
online learning, etc.

The innovation acceleration that we have witnessed
during the present crigs gives us reason for cautious
optimism about possible innovationdriven solutions

also in other areas of sustainability concern.
However, many opportunities have been missed,
especially in terms of better global cooperation,
global solidarity, and trust in science. In fact, the
world broadly remains on a businessasusual

trajectory

Reorienting financial stimulus packages

The world remains in fire-fighting mode. Thevast

majority of financial stimulus packages in response to
the pandemic are not yet focusd on longer term

measures for a green, sustainable, R&D and

technology-focused recovery, in order to increase
resilience to future sustainability crises.

In view of the large size of these packagestalling
US$17 trillion worldwide, they may crowd out more

I B A OA O Adustainbie inveginient$ and l€adt@incpeas@ddoekO E A |

on a businessas-usual pathway. Of a total o/S$14.6
trillion 3 in national fiscal measures to address the
crisis, $11.1 trillion were directed to immediate

2 2.7 billion of them Facebo users. In a typical day in that month, they sent 265 billion emails, made 794 million tweets,
watched 7.5 bill. youtube videos, made 453 million skype video calls and uploaded 89 million videos and much more,
producing an incredible 9.4 bill. GB/day ofhternet traffic. In the same day more than 4.3 million smart phones and almost one

million computers were sold.
3$17 trillion with commitments by the European Commission
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rescue efforts(to manage the shortterm effects) and
$1.9 trillion to longer-term recovery measure$ The
total accounted for about23% of GDPof advanced
economies in the sample and 1% of GDRof emerging
market and developing countries. Of the recovery
i AAOGOOAOGHh TT1U pub
environmentally compatible spending. Almost all of
this green recovery spending was in only seven
countries. So, only 2.3% of stimulus funding
(accounting for 0.4% of GDP) was green.
Furthermore, most of the green recovery spending
has been committed to electric vehicle transfers and
subsidies, investments in public transport, cycling
and walking infrastructure, followed by subsidies for
renewable energy and infrastructure; ecosystem
regeneration and public parks, and energefficient
building retrofits. In comparison stimulus spending
on research, development and demonstration for
sustainable technologies is negligible. Given the role
of science and technology as solution to the
pandemic, this is incredible underinvestment in R&D.
This fact also aligns with anecdotal evidence even
from a Nobel prize winner and TFM contributor who
reported how hard it was to raise funding for R&D in
biotechnology.

Greatly scale up pblic investment into basic research

The fundamental biotechnology knowledge which
permitted the development of COVIEL9 vaccines in
record time largely originated in public and non
profit research institutions and spin-offs thereof. It
was thus primarily due to public funding for basic
research. Yet in the crisis, unprepared
pharmaceutical companies received tens of billions of
dollars to support applied research, production scale
up and population testing. No commensurate public
investment increase was made into basic research.
There is an urgent need for eknowledging the
decisive role of public funding for basic research and
for greatly increase such investment

Align research priorities with SDGs

Most scientific research is concentrated in a few high
income countries and tends to focus on challenges
that are not relevant to SDG challenges in loimcome
countries. Funders, donors and international
organisations should seek to steer research prioriés,
including by consulting with a wider range of
stakeholders and improving the assessment of

s N o0~ N o

4 another UShL.6trillion was recorded as unclear spending.

IO 53A0

Many successful technology solutions in COVID
response

Many effective frontier technology solutions have

been document&l in COVID19 responses in

developed and deyeloping countries alike. However,
thélr dedsdiuF lddployfnénP reflire? Eslg{lﬂs Oand ©
capacities. Therefore, capacity development and
demonstration projects are key. Riblic maker spaces
and citizen labsmay be a usail start. Examples of
such solutions include: lg data to support the

assessment ofpolicy effectiveness contact tracing
apps; $ace science and technology faglobal health;
viral spread simulations on supercomputers to
identify optimal behavioural guidelines; polymerase
chain reaction (PCR) testing and alternative
diagnostic tools; mRNAbased vaccines rapidly
responding to virus mutations; synthetic nanescale
antibodies; and D printing of face shields and PPE.

Frontiers in vaccines and access to S$blutions

A number of lessonscan be drawn from the
pandemic. The science and technology of vaccines
had already progressed significantly long before the
COVIDB19 pandemic, although funding for
researchers and innovators has been difficult to come
by. Then in the matter of weeks, at some point last
year, more than one hundred COVHR9 vaccines
based on a range of biotechnologies were under
development.As ofthe end ofApril, an estimatedone
billion vaccine shots have been administered world
wide z barely more than one year after the WHO
declared the pandemic. Compared to the past, this is
an incredible scientific, technological and logistical
achievement.

How could the massive drive for vaccines be
replicated to address the 20 neglected tropical
diseaseswhich continue to affect one billion peopl®
S i ACEET ¢ AEET OIl
OEA O11 0i Al d6 OOAOA
Every year, 1.4 million die from tuberculosis. And 5
million children under the age of 5 die from
preventable causeg £FAO [ 1 OA OEAI
toll of COVID19. Thebig question is what could be
done to provide a commensurate level of support to
the science and technology of vaccines and medicines
in these other areas.

And how can access be enred to vaccines and the
technologies to develop and manufacture them? The

i OT ANOAT q EIi bAAtGsk itdam GrouliE AoGefhdr Gproponents of open

science on the one hand and of strict intellectual
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property rights on the other. Interestingly, they TAx Cci1 OAOT AT AA AOT 61T A AAO.
agreed that there is no fundameral contradiction OAAI AT AR EEIOAT xkBE £ET AT 7
between the two and that combinations thereof can OEAOAAU 11 O0ET C EOI AT AAET
be optimised and useful for addressing the great ET OEA 1T A4EBRATBOHIBAEDI AO
global challenges. The debate uncovered significant AAOA Cl OM@AAT ADROCAKRBEGAIT AA (
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room for serving the original common objectives. The OOAT OPAOAT O AIAJIAOEOEDOOO
shared values of dissemination of riformation, AOAEEOAAOOOAS
knowledge, processes, and data for enabling wider

. N . . New regulatory needs for a sustinable digitalisation
dissemination of the benefits of science, and 9 y 9

technology for all. Due to their network effects, $ECEOAI EOAQCEIT 1 AAAO O A

knowledge assets tend to earn higher value with OAOOEAAO xEOE AT OEOAI U 1T

more users unlike physical wealth counterpart. OANOEOA ODPAAEAEA BELSODDPAAC
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Latecomer development in the emerging global green
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deployed worldwide at a level commensurate with a
Cil T AAIAAORA @A AT AOET 68
radically transform global <ervice efficiencies,
opening up more feasible pathways towards the
achievement of the SDGs, good living standards and

the agreed climate goals everywhere.

Cooperative, nearterm actions need to be takenfor
transforming service efficiencies, commensurate
with a sustainable and resilient recovery from the
COVID19 pandemictowards the achievement of the
SDGs.

Al progress is rapid and has already surpassed
human cognitive capabilities in narrow specific tasks

Al has rapidly progressed at an accelerated pace.
@AAD 1T AOOAI TAOx1T OEOS
cognitive capabilities in narrow, specific tasks, such
as facial recognition, medical radiological diagnosis,
and many others.In fact, rarrow Al has become
ubiquitous in many countries Z unbeknownst to
many. At the same time, billions remain excluded
AOT T 1)8
at exponential rates, leading to new applications, new
development models, and also sustainability
concerns. This las important implications for
EOI ATEOUBO AOPEOAOGEITO
However, future predictions are highly uncertain,
which is particularly challenging, since the current Al
transformation appears to proceed about seven times
faster than the industial revolution in the past.
Unless the issue getaddressed, new socigeconomic
divides will continue to arise with deeper gapsfrom
unequal ownership over the Al and other digital
technologies.

No official statistics exist for the computing power of
al OEA x1 Ol AGO AT i DOOAOON
devicesz most of which are connected to the Internet.
This collective global computing power was
estimated to have reached 93 million Petaflops in
March 2021, the equivalent of 4.7 million human

60 AAT AEEOOG8 o0AOAE Olk/lébh
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brains. By 203, we might reach an estimated

4 E A Q80,0601 Zetiaftops @Ethel hAmaA éqGivalént of 7.7

billion human brains z basically a doubling in human
cognitive capacity.

Learning from sciencepolicy assessments

Syntheses of scienc@olicy assessments are
important to enable informed and integrated
decision-making in relevant time. While UNEP made
a big step in this direction with its report, entitled
6- AEET ¢ PAAAA xEOE
tackle the climate, biodiversity and pollution
Al AOCAT AE A Guletige &nd &s$e€sméni ghps
remain with regard to digitalisation and other related
frontier technology clusters.

T T An IPCGSye pilddpth assesineht of digitalization

and of some of the keyelated frontier technology
clusters is needed. In addition, relevant readiness
assessments across disciplinary lines should be
regularly synthesized to explore synergies and high
impact actions

p'?‘o’%’nsmbg nV'rOM'%aﬁy%gdpgltg?eEfronper C Ol

technologies

There are many environmentally compatible frontier

A ageindlcyiesiwhich @iild be@eplbyed 3rgleveiaping

and developed countries alike. Examples include:
distributed recycling combined with additive
manufacturing; highly energy-efficient Al hardware
designs; low data Al;5G in smart irrigation: exploring
pathways for irrigation ; biomimicry to tackle urban
air pollution; robotics for monitoring the oceans;
saltwater greenhouses for food production ablative
pyrolysis for sustainable energy production and
chemical technology for future plastic recycling
ts to

could be leveraged betterfor dlssemlnatlon and
knowledge transferin this regard.

T AOOOA4

Table2. New elements in 2021 TFM findingsnosplementing earlier findings in 2019

Theme ‘ Findings Proposed actions
Previous TFM | 2019 TFM findings remain valid, but new elements  IATT WS10 and 18Member-Group to identify
findings needed to be added highest priority global actions in the nine areas.
STI COVID19 has greatly amplified the importance of STI|  Invest appropriately into sciencepolicy-society
importance but it has also exposed weak institutionsThe world ET OAOEAAAOGS )i Pl AlHAAADOIC

broadly remains on a businessas-usual trajectory. these interfaces (see this report)

0AOAAT oEAAT 1 Uh AAODEOA || Investin sdence and education and build overall
and open characteristics,many opportunities have trust in science.

been missed, especially in terms better global q§ Highly value and institutionalize trusting
cooperation, global solidarity, and trust in science. relationships among policymakers and scientists
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9 Strengthen global science cooperation for the SDG
COVID19 7 The COVIB19 pandemic has accelerateq § Urgently address the persistent technology divides
the great digitalization on the one hand and greatly amplified]  that have excluded billions of people from reaping
amplifier of persistent technology divides on the other handz the benefits of digital innovations
digitalisation essentially excluding billions of people from reaping|  Urgent action to connect the remaining 3 billion to
and divides the benefits of digital technologés and innovations. It|  the Internet as a matter of global priority.
also exposed amplified the digital gender divide the | § Support to upgrading of international Internet
more advanced the skill, the greater the gap. backbones
Other underlying, pervasive technology trends have § promote equitable access to Internet access and
continued with surprising regularity, despite the digital skills across gender and social divides.
COVID shock (e.g., supexporential growth in by | q create roadmaps highlighting the regular long
large-scale providers since 2017) term technology trends
Innovation The enduring COVIBEL9 crisis has accelerated § Promote mission-oriented innovation for
acceleration innovation in  medicines, vaccines, digital sustainable development
in times of technologies and artificial intelligence. Our global § Promote roadmaps with clear performance targets.
crises ETTT OAOETT OUOOAI ET  OI| q Invest much more in basic research and promote
well below its potential. The good news is that we  knowledge linkages between disciplines and with
might be able to supercharge it in times of crisis. innovators
i Establish onestop R&D platform that links
innovative actors in academia and industry
Reorienting The world remains in fire-fighting mode. The vast 1 Consider the longterm sustainable development
financial majority of financial stimulus and recoverypackages implications of present decisions in response to the
stimulus in response to the pandemic are not yet focused on COVID19 pandemic.
packages longer term measures and sustainable investments |  Re-orient financial stimulus packages to a green,
in STI sustainable, R&DB and technologyfocused
recovery, in order to increase resilience to future
sustainability crises.
1 Deploy Al andbigdA OA OT 11 O A&l O (
assessment and correction of decisions
Public The fundamental biotechnology knowledge which 1 Acknowledge the decisive role of public funding for

support for
basic

permitted the development of COVIEL9 vaccines in
record time largely originated in public and non

basic research and greatlyricrease such
investment

research profit research institutions and spin-offs thereof. It 1 Incentivize more private sector spending on R&D
was thus primarily due to public funding for basic relieving more public sector funds to be dedicated
research. Yet in the crisis, pharmaceutical companie to basic research and science
receivedtens of billions of dollars to support applied
research, production scaleup and population testing.

No commensurate public investment increase was
made into basic research.

Align Most scientific research is concentrated in a few 1 Funders, donors and international organizations

research high-income cowntries and tends to focus on should seek to steer research priorities and

priorities challenges that are not relevant to SDG challenges i improve the assessmentoO A OAAOAE S O

with SDGs low-income countries.It also typically neglects the impacts.
development of frameworks and guidelines for 1 Dedicate more global mechanism resources for
balancing economic, social and environmental addressing challenges facing the implementation o
progress. The pandemic provel that in addition to all SDGsincluding a betterunderstanding of
0116 1AAGET ¢ AT UTTA AAEE imbalancesin progresswithin regions,

OEA EAOA xAu OEAO o111 11

Many There were many examples of effective frontier 1 Promote capacity development and demonstration

successful technology solutions in response to COVHR9, but projects, public maker spaces and citizen labs.

technology their successful deployment requires skills and

solutions in capacities.

COVID

response

Frontiers in The science and technology of vaccines had already| § Global push to eliminate the 20 neglected tropical

vaccines and

progressed significantly in recent yearg long before

the COVIDB19 pandemic, but funding for researchers

diseases
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access to STI

and innovators has been difficult to come by. Yeby

Align processes and key messages of open scienc

solutions end April 2021, one billion COVIBL9 vaccines had and IPRs
already been administered. How can we leverage a | { Incentivize open science practices for all
similar push for the 20 neglected tropical diseases? stakeholders
And how can access to vaccines and the technologig g Campaign and demonstrate the great benefits for
to develop and manufacture them be ensured®pen all parties and societies of open science
science and IPRs have shared values of | Promote policies and processes implications of
dissemination of information, knowledge, processes, adopting open science along with effective IP
and data for enabling wider dissemination of the regulations nationally and institutionally.
benefits of science, and technology for all.
Latecomer A worldwide, profound techno-economic paradigm | § Policy makers need to deliberately bring together,

development
opportunities

transition is under way towards a greener global
economy, whid is driven by deliberate policy

otherwise distinct, policy domains, and o-design
solutions.

inthe global |[AEAT CAORh AOAAOET ¢ OGCOAAIT ¢ Policies need to be sensitive to the technological
green developing and emerging economiethat come with specificities of the different green sectors.
economy growth, jobs and employment.

Transforming | The pandemic revealed deficiencies in the capacity g  Science systems must be capable afjuick

science and science systems to respond to newriorities in a response to changing challenges, while increasing
engineering timely manner, while limiting the disruption to quality of and trust in science and engineering.
systems ongoing research. Perennial issues of persistent 1 Policymakers need to understand the important

inequalities in science and limitations of the current
system of publication and peefreview were also
brought to the fore. Engineering tandards can also
play an important role.

role that engineering standards can play in
governance and in enabling the buildings and
infrastructure needed for the SDGs.

Support the open science process

Principles for
inclusive data

Decentralised, new governance around data makes i
complex to re-balance human dignity with financial

= (==

Ensure fair data, transparent algorithms, and
trustworthy architecture.

governance AAT AZEOOh OEAOAAU 11 OET (9§ Support open data and government

rights in the new economy.
New Digitalisation leads to entirely new products and 1 lIssue specific regulations
regulatory services with new characteristics that require 1 Provide an international platform for exchange of
needs for specific regulatory solutions. Recent examples experiences and assessment of risks
sustainabl e include human digital twins, central bank digital
digitalisation currencies,and digital labour platforms.
Rapid Al progress is rapid and has already surpassed 1 The rapid changes and potential implication need
progress of human cognitive capabilities in narrow specific tasks to be analyzed and documented, in order to
narrow Al Narrow Al has become ubiquitous in many countries support decision-making, especially in developing
and highly Zunbeknownst to many. At the same time, billions countries.
unequal OAI AET A@AlI OAAA AOIT I ') @9 Reliable Al future scenarios are needed,
ownership Future predictions are highly uncertain, which is 1 Support the localized Al platforms aceunting for

particularly challenging, since the current Al the application context

transformation appears to proceed about seven

times faster than the industrial revolution in the past.

New sociceconomic divides will continue to arise

from unequaltechnology ownership and access.
Untapped There is a vast untapped efficiency potential of 1 Facilitate and prioritize investments and
potential readily deployabledigital consumer innovations in coordinated actions on technology efficiency,
energy-saving | mobility, food, buildings, and energy servies. business innovations and behavioural change to
potential of rapidly increase enduse efficiencies in energy,
digital water and land-use.
consumer i Consider the longterm sustainable development
innovations implications of policies, plans and programmes

related to digitalisation and artificial intelligence.

Environ - There are many environmentally compatiblefrontier | 1 Apply frontier technologies for efficient
mentally technologies which could be deployed in developing dissemination and knowledge transfer
compatible and developed countries alike. Knowledge and 1 Strengtheninnovation capabilities in societies by
frontier capacities are the main constraints to their diffusion. mobilizing learning, indigenous knowledge and

technologies
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new institutions that reward creativity and
entrepreneurship.

Science- Syntheses of sciencgolicy assessments are
policy important to enable informed and integrated
assessments | decisionr-making. While UNEP made a big step in thig

T AOOOAG N
with regard to digitalisation and other related
frontier technologies.

direction with its report, entitled O -aking peace with |
i AET O ETT x1 AAC/

1 We need an IPCGtyle, in-depth assessment of
digitalization and of some of the key frontier
technology clusters

Relevant assessments across disciplinary lines
should be regularly synthesized to explore
synergies and highimpact actions

SourcesIATT WS10o0n analytical work on emerging science, frontietechnologiesand the SDGs

Key new UN system activities

In the last two years, many of the new UN activities in
this space built on the earlier actions, some of wbh
were already reported in 2019. For example, in 2020,
the UN Secretary Generadlaunched a Roadmap for
Digital Cooperation which laid outhis vision for a
more open, free and secure digital future for allHe
also appointed a Tech Envoy. Following HLCP
discussions, a new UN interagency working group on
Al (IAWG-AI) led by ITU and UNESCO was launched
at the end of 2020. Similarly, the UN Executive
Committee established an interagency biorisk group,
led by WHO and ODA. Both these groups work closely
with the TFM. Discussions of frontier technologies
continued at the level of the General Assembly. Most
recently a high-level thematic debate on digital
cooperation and connectivity was convenedin April
2021. An increasing number of UN entities have
refocused «isting flagship reports on frontier
technology issues or initiated new publications. For
example, DESA included frontier technology issues in
several of its flagship reports and has started
cooperating Department-wide to analysethe impacts

of Al on the achievement of the SDG&/HO, UNCTAD
and UNDP launched a Tech Access partnership which
initially supported access to COVIEL9-related
technologies but since has expanded well beyond.
And there are many more such activities.

Follow-up

Rapid scientific and technological changeis among
us, and it is not going away. The scope and scale of its

21

impacts, both positive and negative; and across the
full range of economic, social, and environmental
dimensions require us to engage actively with the
issues.

#1 1 DAOAA Ol b OAesEthe@OVIHIR A OB
shock has forced the task team to include a range of
new issues in its findings. Many of them relate to
science and how to progresses to technology and
ultimately innovations. Indeed, science, technology
and innovation aspects are closelyinterlinked. An
isolated look at technology is insufficient.

The current TFM findings stand to be refined further
through discussions at this Forum and beyond. They
also serve to indicate a set of central areas of work,
where the collaborative, multisectoral and multi-
stakeholder context of the TFM stands to add value
and advance understanding at global, regional and
national levels.

When we work together z across national borders,
across groups, disciplines and stakeholder groups
we as humanity canharness science and technology
to the benefits for all of us, now and into the future.
Indeed, this concerns all of us, in developing and
developed countries alike.

It is against such background thathe TFM findings
are so important.lt is multi -stakeholder cooperation
in the service of our SDG aspirations that will make all
the difference.



lIl. Achievements and failures of emerging science and frontier
technologies during t he COVID-19 pandemic

This chapter reflects on achievements and failures of
emerging science and frontier technologies during the
COVID19 pandemic It features perspectives of
individual TFM stakeholders, including the 16Member
Group, IATT members, and other external contributors,
and summarizes them.Since the beginning 0f2020,
many experts haveworked on various aspects of this
The present report providesa good opportunity to put
key findings and recommendations together on a tap
that has preoccupied the UN system over the past year.

Following a brief overview of the contributions(Section
IlI.LA), three different types of contributions are
presented policy briefs on lessons fromCOVID19,
including on general policy issues anthe functioning of
the sciencepolicy-society interface (Section 111.B); on
specific technology applications and case studies
(Section IlIl.C); as well as updates on country
experiences activities andnews (l11.D).

A. Overview

Five sciencepolicy briefs identify lessons from
COVID19 responses for general policyand the
sciencepolicy-society interface

Dominique Foray of EPFL in Switzerland examirsghe
acceleration of innovation which delivered COVIBD19
vaccines, medicines and many digital solutiorig record
times during the COVID19 crisis, the reasons forthe
acceleration, and under which circumstances a similar
acceleration could be achieved to find solutions tother
global sustainability challenges

Members of the COVIEL9 Advisory Team to the
President of the Polish Academy of Sciencahaired by

*AOUU $ ,Gifaw BighOdbliey lessons invest in

modern health care build professional and independent
expert institutions in the field of public health, provide

experts with access to datainvest in science and
education, build trust, work together for the common
good, and learn to live with the pandemic

Giovanni Dosi of theScuola Superiore Sant'Annmn Italy
draws policy lessons from our medical/therapeutic
responses building on his earlier work on
epidemiological effects andasymmetric impacts among
social classesHe noted the earlier public and nonprofit
investments in basic science and genetic engineering
which made vaccines possible, yet in the crisis
governments gave more than US$24 billion to pharma
companies (which were mostly unprepared for
vaccines), with no commensurate scaling up of
investment in public fundamental researchin his view,
health is a universal human right and health-related
knowledge should be aglobal common good. He calls
for a reform of the present IPR systemsincluding
provisions in the TRIPS agreements
22

Kristiann Allen of the University of Auckland New
Zealand, in a joint submission by the International
Science Council and thelnternational Network for
Government Science AdvicBNGSA)draws four lessons
from an examination of the relationship between
science, policy and wider societythe so-called science
policy-society interface(s) (SPIs): SPIs require a more
sophisticated understanding of their functioning;
certain key roles are highlighted by the pandemic; SPI
approaches must be dynamic to respond to different
policy stages and conditions oftie evolving issue or set
of interrelated issues; and it is important that SPIs
connect nationally, internationally and globally.

Shivani Nayyar and Carolina Rivera Vazquez of URD
present an analysis ofdata on a range of IT skills that
enable workers andstudents to migrate their activities
online. They find that women systematically
disadvantaged ina wide range ofIT skills - the more
advanced the skill, the greater the gender gapAs
COVID19 caused work, education, and many aspects of
human life to mowe into the digital sphere it exposed
the digital divide and gender discrepancies in access to
quality internet, devices, and skills.

Three sciencepolicy briefs examine pecific
technology applications and case studieis
COVIDresponse

Fouad Mrad, Patrick Saoud, Raphaelle Akhras, Youssef
Chaitani, and Juraj Riecaof ESCWAlraw lessons from
two of their projects that apply vig datadfor improving
policy effectivenessz one on big data tocapture living
conditions of Syrian refugees in Lebanoand their host
communities, the other one onusing nontraditional
data sources to evaluate the effectiveness @OVID19



response policiesin Jordan and LebanonThey show
how big data provided decision makers with near real
time information onthe impact of the crisisand how the
nontraditional data sources (e.g.,satellite images,call
detail records, social media sentiment§ can support
crisis management.They found that big datacould not
replace traditional sources but wasagood complement
which alsoreducedbiases

Imad H. Elhajj and colleagues at the American
University of Beirut report lessons learned from the
official COVIDp w AT 1T OAAO L
Voluntary uptake ofthe app has been a major constraint
and the authors propose a randate to use the Ma3an
app to gain access to all closed public space¥he
authors also suggest integrating the app int@a wider
national strategy, aclear financial commitmentfrom the
govemment, and partnerships withlarge organizations
(e.g.,syndicates, universities, companies) to encourage
their members to download the app.

The UN Office of Outer Space Affairgports on the use
of space science and technology for health promotion,
health protection, surveillance, contact tracing,
transmission monitoring, health-care delivery in
remote areas using telemedicine and tel@ealth
services. Space science and technology provide
innovative research platforms for advancing medical
knowledge and spinoffs for the development of health
care equipment, operational activities and procedures
The authors provide astrong casefor international
cooperationin spacederived data and information

Six contributions report on country
experiencesand/or provide updates on
activities

Morimoto Koichi, HarayamaYuko, andNagai Ryozo of
the Engineering Academy of Japareport on results of
discussions by the ! A A A A iCohiinitee on Post
COVID19 Era They review the COVIDB19 situation in
Japan,chart the way towards a datadriven society,
highlight the need forevidence-based communications
in the context of vaccination programmesand call for
strengthened international science and technology
collaboration, including in terms of existing WHO, Gavi
and CEPI arrangements

O AafoEsl C

The Department of Science and Technologpf the
Philippines outlines scientific initiatives, specific
technology solutionsand policies implemented by the
Philippines in response to COVIBD19. This includes
short-term measures (esting kits, telemedicine devices,
a hub for data sources and epidemiological modelling,
specimen collection booths), medium-term research
programmes and block grants and longterm
establishment of the Virology S&T Institute of the
Philippines and Pharmaceutical Development Centers

Theél Ridbea Research Institute of Bioscience and
Biotechnology identifies key factors in the Republic of
+1 OA A6 Ol @&pdndeAalOVD-19. This includes
the establishment of a governmented national

response system strategic invesiments in basic

research and effective combined R&D and
infrastructure capabilities. As a result, diagnostic
technology was developed in time to contribute to

effective infection control.

Lee Hanjin and Moon Aree of the National Research
Foundation in the Republic of Koreacompares the
COVID19 response strategies and policies in the
Republic of Koreawith those in Japan, New Zealand,
Germany, Sweden, andhe U.K They suggest that
countries should prepare for a paradigm shift toward a
non-contact society, embracing an era ofdigital
transformation.

The International Centre for Genetic Engineering and
Biotechnology reports on its efforts in SARSCo\ 2
surveillance, the development of alternative diagnostic
tools, and theprovision oftechnical expertiseon COVID
19. It highlights the importance ofadapting technology
to local settings removing barriers to research,
providing access to STI solutionsand using affordable
COVIDproof air-sanitation systems as preventative
measures in schoolsretirement homes, andhospitals.

And finally, Milind Pimprikar of CANEUS Myrna

Cunninghamof FILAGC Simonetta Di Pippoof OOSA and
other colleagues draw on empirical evidence from

series of global collaborative efforts representing
Indigenous communities and key actors which were
launched, and undertaken during the COVHR9

pandemic,in order to create a platfom for identifying

challenges and opportunities for culturally relevant

spacebased tools

B. Lessons from COVID-19 for policy and the science-policy -society

interface
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The phenomenal speed of innovation during the COVID pandemic z explanations and
lessons learned from the crisis

Prof. Dominique Foray, Chair of Economics and Management of InnovatigoBcole Polytechnique Fédérale de
Lausanne Switzerland

Abstract

One year agoinnovation economists predicted that the prospect for inventing or discovering COVID vaccines within a
year was totally irrealistic (Abid Younes et al., 2020). One year after, it looks like the prediction was wrong. This policy
brief discusses various reasns for the phenomenal speed of innovation during the COVID pandemic and some lessons
learned from the crisis in the area of science and innovation policy.

If we want to analyse the crisis as stimulant to The health crisis and innovation

innovation, we should first dstinguish two types of _ _
crisis. In this case, we can consider that there are three factors

_ _ _ that make this crisis exceptionally powerful and
On the one handgenduring crisesfor whose resolution productive as innovation stimulator2 :

innovation will play a central role (health crisis, climate

crisis). Innovation thus occurs during the crisis. - the benefits for society of innovations hat would

allow the crisis to be brought to an end are

On the other hand crises that represent an isolated event enormous. Economists will say that the social return

an accident, a disaster that could not be avoided. on investments devoted to the desired innovations
Innovation consequently occurs after the crisis to (in this case, vaccines) is huge. Moreover, these
prevent such a thing from happening again (Fukushima, innovations will not create any losers becauséhey

the terrorist attacks of 11 September). ATT1T60 OOAOOEOOOA O AT U FE
In all these cases, crisis plays a role in accelerating in place. There is nothing to be replaced, no creative
innovation. But not only does it influence the rate of destruction; _ o N
innovation, it also affects the direction it takeg in other - the speed of the innovation is absolutely decisive.
words, the crisis will highlight certain areas of The problem is not so much inventing a vaccine but
innovation that had been abandoned or neglected. This inventing it now; .
was very obvious for example in the &se of the terrorist - andlastAOO 110 1 AA O_O h X A ETI
attacks of 11 September. Subsequent innovations in the for, we know what we want. There is practically no
defence and security sector clearly changed direction. ambiguity or uncertainty or even disagreement
They concerned mainly the field of intelligence rather about the fact that the decisive innovation is the
than the traditional areas of defence R&D vaccine(s) that will make it possible to immunse

_ the entire world population.
Logically, the role of &celerator seems even stronger

while the crisis is underway, it lasts and innovation These three factors, com_bined_, act asa powerful d_riving
becomes the essential mechanism that would allow it to force and have resulted in an incredible acceleration of
be brought to an end. This is of course the case with the ~ the rhythm of innovation in a domain (vaccines) where
present health crisis that | would like to look at in more the latter is traditionally much slower and the economic

depth as innovation accelerator.

1 National security intelligence in the antiterrorist era involves the gathering of information on terrorists (masterminds, operatives,
and supporters), their modes of operation and sources and channels of finance. Intelligence broadly means the reduction of
uncertainty. R&D aimedat providing better intelligence capabilities is therefore very different from the traditional defence R&D
domains (dealing with the costly development of big weapon systems such as new jet fighters, nuclear subs, {arge missiles,
etc.). What is requied then is the settingup of R&D programmes that would support the development of sensory computer
interfaces for detection and intelligence gathering and computer technologies for massive data analysis (Trajtenberg, 2004).

2Here we will not discuss the fact that this health crisis has caused an economic crigishich is on the contrary a restraining factor
regarding innovation, mainly in sectors not concerned by the innovation opportunities created by this crisis.
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incentives for private actors to invest are considered
lows.

These factors have succeeded in disrupting the research
and innovation routines of the pharmaceutical sector
leading to the results we have witnessed being obtained
in record time#:

The big laboratories havenade a tremendous effort
whereas normally they prefer to commercialise
treatments rather than vaccines (since by definition
the vaccine eliminates the treatment markets)
(Kremer and Snyder, 2015)

The innovation phases (clinical trials) have
overlapped and evaluation of the results of these
trials has taken place continuously

The public sector and governments have made
major contributions (70% of the clinical trials have
been financed by the publicsector) (Agrawal and
Gaulé, 2021)

The three factors that | have mentioned (huge social
OAOOOT A1 O All h OPAAAR xA
have thus boosted the innovation system of the
pharmaceutical industry, obliged it to transform itself,
reconfigure itself and prepare itselffor battle in order to
meet this challenge anducceed

Some lessons

The first lesson is therefore thatthe enduring crisids a
powerful driving force for innovation, an opportunity to
AEAT CA Al ET AOOOO WG

irrationality of strategic behaviours that previously
seemed rational (big pharmaceutical firms do not invest
in vaccine research). The example of the Second World
War can be taken as another case illustrating the same
characteristics of anenduring crisis under the aegis of
the Office of Scientific R&D in the United States
incredible breakthrough innovations (radar, penicillin,
atomic bomb) were produced within a very short
timeframe. There again it is the preparation for battle of
the industries concerned that made these successes
possible (Gross and Sampat, 2021)

The second lesson is that, in times of crisis, what matters
are not the inventions, the proofs of concept or

demonstrations of feasibility, but the products capable

of resolving the crisis. As an American scientist
commenting on the American mobilisation for
innovation during the Second World War declaredz
OOEA OEIA &£ O AAOEA OAOAA
urgency meant that the basic knowledge at hand had to

be turned to good account® i #1171 AT Oh pe
Gross and Sampat, 2021). In the case of the COVID
vaccinesz the invention is one thing, and the production

and distribution of the products is another. We can
clearly see that this second dimension was not really
assessed at the beginning and therefore that the time
gained by R&D was partly lost by the time periods
necessary for the development of the necessary
production and distribution capacities.

The third lesson comes from the comparison between
the speed of inrovation in the case of the health crisis
(taking into account the nuance concerning production)

and the relative slowness of innovations in the case of
the climate crisis; anotherenduringcrisis. This disparity |
Ebktiveen innovAtion hyinn® & inl fhct Gultel egsily £l (
explained. None of the three factors previously
mentioned has the same force:

First, of course the benefits for society of green
innovations are huge but in most cases there are
winners and losers: climate change innovation must
compete with existing technologies in energy or
transportation and any success of an innovation will

e significapt . .d tic and international
Ké)stri jiv co?%@dﬁ‘eﬁgéia
Second, because the stress the crisis imposes on society
is less intensez the perception of imminert danger is
less significantz therefore the speed of innovation as

crucial objective does not represent such a heavy
burden as in the health crisis.

Last but not least, what must be done in terms of
innovation to resolve the climate crisis is far less
obvious : there is no vaccine, no single solution but
multiple courses of action and options which may
moreover be mutually contradictory ; courses of action
that furthermore involve society as a whole. The
solutions to the climate crisis lie only partially n the

3 Economsts cite a certain number of structural factors to explain this disincentive to invest in vaccine R&D, especially the faatth
treatment innovation is by definition more profitable than prevention innovation, as well as the anticipation of private inneators
that they will be unable to fix the desired price (because of all sorts of economic and political pressures that inevitablysa when

public health matters are concerned).

4 We must not of course neglect the role of a more traditional factor in theharmaceutical industry, which is that of basic research
that for years has been preparing the revolution of new types of vaccine.

5 This first lessonalso challenges theargument of certain economists (including the author) according to which, in the wordsof

AAT 80 AA
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It is therefore possible to accomplish this kind of exploit
but it happens only too rarely, hardly ever even. The
reason is that the three factors stated, which have
played such an important role in the success of
innovation during this health crisis, neve apply with
the same intensity.
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¢ Here we encounter the famousjuestion z more topical than everz posed byR.Nelson(1970) zz at the time of the first Apollo
missions:Q £ xA AAT 1T AT A A 1 AT 1 vethéptoBlems dof ihd ghettoe EDbis glestiodisOnterdkd téHighlight
the contrast betweena great problemwhose solution involves solely the engineeringsciencesand a great problem whosesolution
involves numerous domairs, particularly social ones ( see also Nelsoand Sarewitz, 2008).

7 Economists would argue that in the short run the efficiency of a huge 4&location of funding to a specific scientific domain is
limited because only a subset of researchers have the right human capital to advance the knowledgafier in the considered area.
And the supply of adequate human capital in terms of both quality and quantity is very inelastic in the short run. Human dapis
not the only barrier: good research ideas may also be scarce. In a world of scarce ideasieiasing funding invariably leads to
diminishing returns (Abi Younes et al., 2020). But all these arguments concerning the inelasticity of science have thus bagept
away by the facts!

8 This is why decades or more are needed to develop certain kinds of vaccines for certain kinds of markets.
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Introduction

Since the outbreak of the pandemic, many breakthrough
discoveries have been made, including the development
of the COVID19 vaccine, which has turned the
containment of the pandemic into a realistic goal. In
order to accomplish this goal, however, wenust learn
the lessons of what we have found out about the state
and its institutions, as well as about ourselves. We can
already draw two fundamentally important
conclusions. First of all, to tackle the challenges posed
by the pandemic, we must have a kst health-care
system and independent institutions responsible for
collecting and analyzing data on epidemic threats, and
we must invest in science and education. Secondly, we
must strengthen solidarity in society so that its
members follow the standardsof safe behavior, work
together, and take action for the public good.

Robust and independent institutions are
needed

Lesson 1: Invest in modern health care

The pandemic has laid bare the weaknesses and
shortcomings of the health care system. If it had not
been for extraordinary dedication on the part of medical
professionals, the toll taken by the virus would have
been far greater. The absence of strategic g@paration,

1  Eurostat, Expenditure for selected health care

providers by

sudden organizational changes, staff shortages
worsened by the pandemic, shortages of basic personal
protective equipment and beds with ventilators and
access to oxygen, significant reductions in the
availability of non-COVID19 care, and long it times

for health-AAOA OAOOEAAO All OEI
system was and still is dramatically unprepared to deal
with the pandemic and needs profound reforms.

In the short term, improving the functioning of the
health system requires better plannig and
communication in hospital management. In the long
run, it will be necessary to increase the number of
medical professionals and provide adequate funding.
Today, public funding for health care in Poland accounts
for about 4.5% of GDP This is not emugh. The EU
average is nearly 8% of GDP, with such countries as
Germany and Sweden spending over 9% of their GDPs
on this goal. Underfunded health care means a low
quality of life for citizens. Healthcare services are not a
bottomless pit, but one of thebest investments in the
prosperity of the state and the wellbeing of its citizens.

Lesson 2: Build professional and independent expert
institutions in the field of public healths

The pandemic has also exposed the weakness of
epidemic prevention and control institutions, including
staff shortages, as well as insufficient organization and

health care financing schemes (2020)

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=hlth_shall_hphf&lang=en

2Hendren, N., Sprungkeyser, N., (2020) A Unified Welfare Analysis of Government Policies, Quarterly Journal of Economics, 3%).1

[:3, 1209-1318

3 Holmes, E.A., O'Connor, R.C., Perry, V.H., Tracey, |., Wessely, S., Arseneault, L., Ballard, C., Christensen, H., CoRerESdvall,
I., Ford, T., John, A., Kabir, T., King, K., Madan, I., Michie, S., Przybylski, A.K, Shafran, R., Sweeneynoke, Bl (2020)
Multidisciplinary research priorities for the COVIB19 pandemic: a call for action for mental health science. Lancet. Psychiatry,
S22150366(20)30168-1, 10.1016/S2215-0366(20)30168-1. PubMed
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management of data on infections. Acutely felt examples
include the lack of adequate research ah modern
epidemiological models dedicated to the needs of public
health. In this respect, many countries have
independent public health institutes. For this reason,
the emergency management system in Poland operated
without access to necessary informatiorand without a
long-term strategy. It is necessary to establish a
network of independent and interdisciplinary expert
teams or institutions that would provide reliable
analyses for public health purposes. Such a system of
independent experts and institutiors improves the
monitoring of the authorities by the public and ensures
that the actions being taken are transparent and
rational4. Recommendations made by independent
experts and scientists as well as representatives of
universities and research institutes should therefore be

A PAOI AT AT O Al AI AT O
response to and during epidemics.

Lesson 3: Provide experts with access to data

Administrative resources and research data should be
made available in a structured manner with clar
policies on their usage, optimally in the form of a public
repository. Such resources require data quality control,
effective management, and coordination. The scientific
community and those responsible for IT systems in
health care should work togetherto find a suitable
solution. Source data and research findings should be
made available to the public. Professional data
collection and transparent access policies would make
it possible to use the experience and knowledge of
external experts.

Lesson 4: hvest in science and educatiorf

The pandemic has made us see the importance of
science and decisions based on the results of scientific
research. For this reason, scientific research, especially
in the area of public health, should be treated as a
priority and should receive adequate funding. It is

I £ OEA

likewise necessary to take action to build confidence in
science, for example through clear communication of
research findings to the public. Also, the public must be
made aware of the fact that scientific kawledge is
constantly evolving, and discussions and disagreements
are something normal and beneficial in the world of
science, because they bring us closer to the truth.

The pandemic has made us aware of the importance of
education for the proper developmet of humans and
society. The adverse psychological and educational
effects of longterm school closures on children and
adolescents may be very serious and last much longer
than the pandemic itself. They will most likely affect the
DOAI EAG6 O | rdic@nbétencesO thelfutuse.
Experts agree that school closures should be the last
measure to be adopted, after other restrictions are
mBIREEA's o
The pandemic has also demonstrated that the weakness
of Polish school lies in the curriculum overloadthe rigid
system of education, and the focus on the conveying of
information. The Polish education system has been
unable to cope with the pandemic, and this fact has an
adverse educational impact on children. Education is
OEA &l O1 AAGET 1 dgelsEse®écdndnyd O
A solidary-based society is heeded

Lesson 5: Build trus®

People must trust institutions and one another and the
government must trust society for a success to be
achieved not only in the fight against a pandemic, but in
the conditions of any crisis. The competence of the
government authorities and public institutions, in turn,

EO OEA EAU AT 1 AEOQETI
the virus, taking action to deliberately create conflicts,

showing arrogance, and ignoring the rules imposed on
the rest of society have all led to the fact that the second
wave o COVIDB19 infections in the fall had such tragic

4 Martimort, D., The multiprincipal nature ofgovernment, European Economic Review (1996)

Volume 40, Issues 35, 673-685, ISSN 00142921, https://doi.org/10.1016/0014 -2921(95)00079-8.

5Lockee, B.B., Online education in the pe&OVID era (2021)Nat Electron4, 576 https://doi.org/10.1038/s41928 -020-00534-0

6 Darling-Hammond, L., Schachner, A., Edgerton, A. K., Restarting and Reinventing School: Learning in the Time of COVID and

Beyond Learning Policy Institute (2020)

7 OECD (2020), Education at a Glance (2020): OECD Indicators, OECD Publishing

8Jones E., Young, A., Clevenger, K., Salimifard, P., Wu, E., Lahaie Luna, M., Lahvis, M., Lang, J., Bliss, M., Azimi; Rauaadeho
Wilson, C., Segule, M.N., Keshavarz, Z., Chin, W., Dedesko, S., Parikh, S., Vallarino, J., Allen, J., HealtlBiscRealsction
Strategies for Reopening Schools (2020) Harvard T.H. Chan School of Public Health Healthy Buildings program

9Elgar, F. J., Stefaniak, A., & Wohl, M. J. A., The trouble with trust: Teres analysis of social capital, income inequalitynd
COVID19 deaths in 84 countries (2020)Social Science & Medicine, 263, 113365.

https://doi.org/https://doi.org/10.1016/j.socscimed.2020.113365
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consequences in Poland. We did not even get a passing
grade on this test, and we are about to face a third wave.

The less people trust the recommendations formulated
by the government institutions, the worse the expected
outcome of the fight against the pandemic. Separating
the debate about the pandemic and the decisions made
by public administration bodies from ongoing politics
will help to increase trust. We should monitor the
actions of politicians and vde for those who are able to
keep health care and current politics separate.

Lesson 6: Work together for the common godé?!

The pandemic has also taught us that working together
is important in every sphere of our lives. In the
economic sphere, it is negssary to formulate fair rules
for the distribution of protective equipment and
vaccines. In the political sphere, we need involvement in
the development of fair solutions in the EU and across
the globe so that national and global goals complement
each otrer. In the social sphere, individual protective
efforts will not be effective if others ignore them. Only
together can we defeat the virus. This also means that
we should look after the underprivileged, minority
groups, and those at risk of social exclusioto a greater
extent than before.

During the pandemic, we have learned how much
depends on our behavior, even if institutions are
ineffective. We can eliminate many uncertainties and
threats by strictly following the recommendations,
mostly by acting in keeping with the simple rule known
as DDM (distance, disinfection, and masks). But we must
show solidarity in these actionsz in the interests of not
only all of us as a group but also each of us individually.

Lesson 7: Learn to live with the pandemic

The COVID19 pandemic will stay with us for a long time
to come. We must learn how to live with the virus and
stay safe. We should therefore create innovative
solutions in the public sphere. Based on what we know
today, the COVIBL9 vaccine offers effective potection
against symptomatic COVIEL9 infections. In order to
prevent the transmission of the virus, we may be
required to keep appropriate social distance for a long
time. Therefore, those who construct, design, and
organize public life should find innovdive solutions

regarding means of transportation, public institutions,
and personal protective equipment that will allow
compliance with epidemic prevention and control
recommendations without being overly burdensome
for social life. Enormous European resarces available
under the recovery fund should support such
innovations.

Lesson 8: Make political choices with longerm goals in
mind

The pandemic has highlighted the weaknesses in
society, leadership, and state institutions. Now is the
time to learn our lessons. Failure to do so will cost us
dearly in the future. We should engage in a debate on
such important issues as health care, education, and
science. We should evaluate politicians and their
platforms based on concrete proposals to improve the
situation in these spheres of public life.

Further reading: The team has produced several
position _ statements and a report entitled
Qunderstanding Covid196 8

10Crocker, J., Canevello, A., & Brown, A.Sacial Motivation: Costs and Benefits of Selfishness and Ottsémess (2017) Annual

Review of Psychology, 68(1), 29€325.
https://doi.org/10.1146/annurev -psych-010416-044145

11 Dovidio, J.F., lkizer, E., Kunst, J., & Levy, @ommon identity (2020) In. J. Jetten, Reicher, S., Haslam, S., & Curwys, T.
(eds.). Together Apart: the Psychology of COVIB. Sage Psychology.
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Some policy lessons from medical/ therapeutic responses to the COVID -19 Crisis: A
rich research system for knowledge generation and dysfunctional institutions for its

exploitation

Prof. Giovanni Dosj Institute of EconomicsScuola Superiore Sant'Anna, Pisa, Italy

It is useful to distinguish between the direct and indirect
impact of the COVIBL9 pandemic. The former includes
the epidemiological effects. We try to model them in
Bellomo et al. (2020). The latter concern the effects of
the institutional and policy responses to it. In turn,
among such effects one may further distinguish the
socio-economic impact of the measures of containment
and mitigation. We discuss them with their deeply
asymmetric implications among social classes and
groups in Dosi, Fanti and Virilito (2020). Finally, there
are the medical/therapeutical responses. This note
concerns them.

)
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some general lessons; and, third, offer some policy
implications.

Some medical/therapeutical factgevealed by
the pandemic and the policy responses to it

(i)

(ii)

A few months after the identification of the Covid

19 virus at least seven vaccines have become
available (Pfizer, Moderna, Astrazeneca, Sputnik V,
Johnson and Johnson, Sinopharm, Sinovac,
Covaxin) and at least six others will be very soon
(Curevac, Novavax, Convidicea, EpiVacCorona, and,
from Cuba, Soberana and Abdala).

Normally, a vaccine takes years of research,
development and testing. The quick results withess
the availability of an extemely rich body of
knowledge waiting for its therapeutic exploitation.

It relates to several avenues of explorations, with
already around sixty potential vaccines in the
pipeline as of January 2021 (a thorough discussion
is in Rawat et al, 2021). Many aothem, but not all,
are broadly associated with the Genetic
Engineering paradigm, and, more specifically in our
case, often associated with immunotherapies for
cancer. And, indeed, some of the new vaccines
(Pfizer, Moderna) were obtained by imaginative re
applications of MRNA studies originally concerning
cancers.

Equally striking is that such knowledge is largely
originated in public or nonprofit institutions
(Oxford University, MIT, Harvard, Gamaleya
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Institute, University of Mainz, public Cuban
laboratories, etc.) and explored either there or in
spin-offs thereof (e.g. BioNTech, Moderna).

This should not be surprising. Basic research is
almost entirely supported and often also
performed by the public sector in both Europe and
the USA. So, for example, in ¢hUSAall 210 New
Chemical Entities (NCEs) approved by the FDA in
the period 2010-2016 got funding, to different
degrees, from the National Institutes of Health
(NIH) (Cleary et al., 2018).

y trically =there 4s longerterm-eyigey - «
iew%rva@ ge z(éséﬁiéllynbsgg%‘egﬁgrgﬁ A
decreased its investment in basic research, as

witnessed by the diluted output of scientific papers
cited in patent applications (Arora et al. 2018).

Therefore, it is not surprising that Big Pharma has
been found largely unpremred, at least concerning
basic knowledge on vaccines. Among the New
Molecular Entities approved by the Food and Drug
Administration (FDA) since the year 2000, less
than 6 % concerned antibiotics or antiviral drugs
(Walker, 2020). And attention to vaccings has
always been low. Even the Public/Private Initiative
concerning AIDS vaccines which had raised many
hopes (cf. Chataway et al., 2007) failed. Vaccines for
AIDS, or later Ebola were never developed. After alll,

OEAU AT 1T AAOT AA OODPAAEAI

populations. It is more rewarding to invest in cures
which ideally make chronic otherwise acute
diseases (locetthe anti-retroviral drugs for AIDS).
But, of course, the business is different for a virus
which is quite egalitarian in terms of national per
capita incomes and social classes (of the infected,
not of the casualties).

In this case, the whole private sdor has
immediately been eager to undertake focused
applied research, production scalaup and
population testing in exchange for an enormous
amount of financial transfers. Approximate
estimates suggest 8 billion euros from the
European Union and around 16illion US$ in the
States. Nobody knows exactly for what: Research?



(iii)

(iv)

Manufacturing? Testing? Advance payment of the
vaccine themselves?

Come as it may, even the developed Western
societies ended up so far rationed in the vaccine
supply z with the exception of the USA and Israel ,
let alone the disastrous conditions of the
developing world z with the exception of India,
which, incidentally, produces around 40% of the
world vaccine supply.

4EA OPIT 1 EOEAAI A A l-priviate U 6
relationship revealed bythe policy responses to the
pandemic generally highlights governments and
regional institutions most often (voluntarily?)
hostages of Big Pharma, at gun point. The few
countries not rationed have been those giving up
AT U AAOCAEI
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others, with even the EU loosing despite signing
AAl EOAOh EAE 1
(AOAh xA AOA xAlI
it is the reversal of the relationship between the
State and the private actors, enshrined even in the
most pro-market constitutions.

The Developing Societies are, by and large, in much
weaker conditions, often lacking any competent,
incorrupt bureaucracy z decimated in its number

j 04 Al diwildvex EAO Ruméh habitdtsOtt
A Oddlistriaf&ming & dnim#s@
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o 8)\ Even ifvaccines are an expost mitigation and not a
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crematories in other regions because burning was
at full capacity in Lombardy.

And some general lessons

(i) This pandemic will not be the last one. It is a

profound sign of the changes in the relationship
between human kind and mture which occurred
after the Industrial Revolution and rapidly

i A@ccelgrpted oyeiy the gagt half century. Some

scholars go as far as saying that we have entered
into the Anthropocene (Coriat, 2020; Crutzen,
2006).

For sure the destruction of biodiversity, he
elimination of any distance between wild and
kuméh habitdtsOtheA éxponential increase in the
&udnlaghBultnfz #Fe

all recipes for culture_ of viruses and bacteria

developing ones, turned out to be largely
unprepared.
The fundamental reason is the deeply

dysfunctional relationship between the private and
the public in the gereration and exploitation of
innovative knowledge, in our case of healthelated

AU OEA DIl EAEAO OOAII ET C AxhbWledg@ EA O7AOEET COI 1
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a few out of them have the manufacturing
capabilities to make vaccines under license, and
even fewer feel the political power to invde
articles 27, 31 and 73 of the TRIPS agreements
permitting exceptions to IPR sales with compulsory
licenses in the case of health and security crises.

Last, but not least, the pandemic crisis has
dramatically highlighted the damages of the
neglect, or, h some countries, the retreat by the
State of auniversal public good health, and the

corresponding extension of the market domain

(more in Nelson, 2005).

The scenes of serious patients unable to reach
hospitals is unfortunately common in developing
countries, but the pandemic has shown the policy
induced scarcity of public services also in
AAOGAT T PAA T1TAO8 %OAT EI
author of these notes will always remember the
long trail of army trucks bringing the bodies of the
victims of such market-inspired negligence to
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extent, depth and distribution of Intellectual
Property Rights.

In brief:

(a) The BayhDole Act (1980) in the USA, and
imitations in other countries, including the EU,
-allowing patentability of the outcome of
publicly funded research-, tends to distort the
efforts of search of e.g. universities, which
should be mainlycuriosity-driven. (Fortunately,
the evidence supports that, at least in top
universities, such distortion has not been too
deep, but the risk is always there).

(b) As_a cascade, public institutions generate
POl I EQEIT C ET T xI
generally at ridiculous prices to Big Pharma or

OEA QnbdeporkiddE td Aspin-86O QuhiehA migh® E A

generate rents to successful

academics.

enormous



(c) At the end, it is the public which continues to
support fundamental research, while it is
ultimately Big Pharma which mastershe rates
and directions of innovative activities

(d) Finally, drugs and vaccines are sold back,
directly or indirectly, to the public at prices
which have little to do with either the private
costs of search or the costs of production.

(iii) Itis often said that againstth®d OEA AECEO ACAEKEAO 6bBADOI ACAAAR |
x AO6 8 warde E O ErOthe cduhtr, and byAvlhbnk (ATGidis rieédledHdD h

DAT AAT EA EO A

are too serious a business to be left to the markets.

During WWII, the USA had become, for very good
reasons, a nearly full centrally planned economy.
After roughly three months after Pearl Harbor it
was capable of producing circa a tank per hour.
Conversely, after the Covid outbreak California
received with delays a largely insufficient number
of faulty testing kits; after three months the Italian
government was unable even tanap who was able
to produce masks (personal experience) ; all over
the developed West ventilation emergency devices
have been scarce for months ; and the list could
AT 1 OET OAs8

Some policy lessons

Some of them, the most fundamental, are lorgrm.
A4EA OEI 1 OOCEIT 1T &£ Ai106011
nature as a sink(Brock and Taylor, 2005) has to be
reversed before it is too late: putting it in a shorthand,
burning forests in the Amazon and destroying

rainforests in Indonesia is closely related tadhe health
of humankind.

Equally important, health has to become ainiversal
human right, and knowledge concerning health is a
global common good

Operationally:

() The crisis has shown the deep pitfalls of a health
system partly or nearly fully left to the market. If
health is a universal right, this must be taken care
of by the public as much as, say, justice or public
security.

(i) On the contrary, even when there is a universal
health coverage, like in most European countries,
public hospitals have been ofta the prime victim
of austerity policies. This must be urgently
reversed. What is needed is a massive increase
everywhere in the world of the overall public
expenditure for the health system and the
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strengthening of local hospitals and laboratories: a
capillary hospital system is able to cope with
widespread diseases.

(i) Basic healthOAT A OAAV OAOAAOAE E
xAO [ EOOEd csubjectOtE @® mean

AAl AOI AGET T-AATTAZEE OOATAGA T
economists!

(iv) The States have to gain/recover the knowledg of

AT A xE
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(v) During crises like the current one it should be
obvious that vaccines have to be made available to
the entire population of the world. A necessary
condition is the possibility of manufacturing it

everywhere one is capable. This in turn demands
generalized compulsory licensing

More fundamentally, in the near future, it is crucial to
reform the prevailing system of protection of
Intellectual Property Rights (IPR) and its international
projection via the TRIPS agreements within the World
Trade Organization (WTQO).As we argue at geater
length in Dosi and Stiglitz (2014), it is bad for science in
Developed countries, for Global science, and for the
economies of both developed and developing countries
alike. It has been designed not to maximize innovation
but rents for those who havehad the good luck of

| ®ckiging & patend(@ntl & é twosie Aot the Bakne).O O A

While the evidence that IPRin general promotes
innovation is far from convincing, there is good
evidence that there may be adverse effects, especially
xEOE DI T 01 U APRCEIQds:AadcesOtOIFeC E
saving medicines may be restricted and so too access to
knowledge that is necessary for successful
development, and even for followon innovation. As
governments have to spend more money to purchase
the drugs they need, becausefaeduced availability of
low-cost generic medicines, other expenditures from
those necessary to promote growth to those devoted to
alleviating poverty? are reduced. Conversely, there
may be perverse links between IPR protection and
income distribution.

In some circumstances, such as in the pharmaceutical
industry, the evidence is particularly striking. Before
TRIPS, generics obtained under loose IPR regimes were
able to dramatically reduce the cost of drugs available
to developing countries. A vivid illustation concerns
antiretroviral drugs against the HIV virus where
generics were able to reduce the cost by between 98 per



cent and 70 per cent. (cf. Coriat et al2006; and So et
al., 2014).

Especially in the case of pharmaceuticals, where patents
are indeed a major mechanism of rent appropriation, |
propose that the public, which, to repeat, finances and
performs most of the Phase | of research, ought to move
all the way to phase Ill (i.e. experimentation on
humans), and when successful, transfer to Bigharma,
on nonexclusive base, the license to producgwhich at
that point should yield costs and thus prices not be too
different from marginal costs.

There would be three major gains.

First, the public would regain the control over the
search priorities, that is on the rates and directions of
innovative activities.

Second, it would certainly be a reform at massive
negativecosts for the collectivity.

Third, it would be a major equalizer in the access to
lifesaving drugs between developed and developm
countries.

Acknowledgments

The author gratefully acknowledges the support from
the European Union Horizon 2020 Research and
Innovation programme under grant agreement No.
822781 z GROWINPRO he usual disclaimer applies.

References

Angell, M. (2004),The Truth about the Drug Companies
How They Deceive Us and What to Do abouRHndom
House, New York.

Arora, A., Belenzon, S., & Patacconi, A. (201B)e decline
of science in corporate R&DStrategic Management
Journal 39(1), pp. 3-32.

Bellomo, N., Bingham, R., Chaplain, M. A., Dosi, G., Forn
Knopoff, D. A., Lowengrub, J., Twarock, R. & Virgillit
M. E. (2020). A multiscale model of virus pandemic:
Heterogeneous interactive entities in a globally
connected world.arXiv preprint arXiv:2006.03915

Brock, W. A., & Taylor, M. S. (2005). Economic growth at
the environment: a review of theory and
empirics. Handbook of Economic Growiol. 1, pp.
1749-1821.

Chataway, J., Brusoni, S., Cacciatori, E., Hanlin, R.
Orsenigo, L. (2007).The International AIDS Vaccine
Initiative (IAVI) in a changing landscape of vaccine
development: a public/private partnership as

33

knowledge broker and integrator.The European
Journal of Development Researd®(1), pp. 100-117.

Cimoli, M., Dosi, G., Masgg, K. E., Okediji, R. L., Reichman
H., & Stiglitz, J. E. (Eds.). (2014intellectual property
rights: legal and economic challenges for developme
Oxford University Press.

Cleary, E. G., Beierlein, J. M., Khanuja, N. S., McNamee,
& Ledley,F. D. (2018). Contribution of NIH funding to
new drug approvals 201%2016.Proceedings of the
National Academy of Sciencekl 5(10), 2329-2334.

#1 OEAOh "8h | OOEh &RIRS afd the
international public health controversies: issues and
challengeslindustrial and corporate changgl5(6),
1033-1062.

Coriat, B. (2020).La pandémie, I'Anthropocene et le bie
commun Paris: Les Liens Qui Libérent.

#OOOUATh 08 *8 | ¢mnnEqess, B R
Krafft, T. (Eds.). Earth System Science in th
Anthropocene Berlin/Heidelberg: Springer, pp. 1318.

Dosi, G., Fanti, L., & Virgillito, M. E. (2020). Unequ
societies in usual times, unjust societies in pandemi
ones.Journal of Industrial and Busines
Economics47(3), 371-389.

Dosi, G., & Stiglitz, J. E. (2014)he Role of Intellectual
Property Rights in the Development Process, witt
Some Lessons from Developed Countries: A
Introduction. In Cimoli et al. (Eds.) (2014), pp. 4565.

Dosi, G., Marengo, L., asquali, C. (2006). How muct
should society fuel the greed of innovators?: On th
relations between appropriability, opportunities and
rates of innovation.Research Policy5(8), 1110-
1121.

Nelson, R. R. (Ed.). (2005The limits of market
organization. Russell Sage Foundation.

/| OOATECI ,8h '8 $1O0Eh AT,
Dynamics of Knowledge Accumulation, Regulatior
and Appropriability in the Pharma-Biotech Sector:
ofT1EAU ) O0OOAOhse ET -8 -
(2006), Knowledge Accumulation and Industry
Evolution. Cambridge: Cambridge University Press
pp. 402-431

Rawat, K., Kumari, P., & Saha, L. (2021). CO¥®vaccine:
A recent update in pipeline vaccines, their design an
development  strategiesEuropean  journal  of
pharmacology, Vol. 892, 173751.

So, A. D., Sampat, B. N., Rai, A. K., @mdgan, R.
Reichman, J. H., Weissman, R., & Kapczynski,
(2008). Is BayhDole good for developing countries?
Lessons from the US experiencé Cimoli et al. (Eds.)
(2014), pp. 201-2018.



Walker, N. (2020, July 1). Drug Approval Trends
Significant Acceleration in Recent Year€. EA Ol

Almanac .https://www.pharmasalman ac.com/article

s/drug -approval-trends-significant-acceleratiornrin-
recent-years

34


https://www.pharmasalmanac.com/articles/drug-approval-trends-significant-acceleration-in-recent-years
https://www.pharmasalmanac.com/articles/drug-approval-trends-significant-acceleration-in-recent-years
https://www.pharmasalmanac.com/articles/drug-approval-trends-significant-acceleration-in-recent-years

Lessons learned from Covid -19 for the Science-Policy Society Interface

Joint submission by ISC and INGSKTristiann Allen, University of Auckland, New Zealand and International Network
for Government Science Advice (INGSA)

Abstract

The collective global experience of the Cowvitl9 pandemic has provided an unprecedented opportunity to examine the
relationship between science, policy and vder society in what is often called the scienepolicy-society interface(s)

(SPIs). Navigating a novel pathogen and its ensuing pandemic has dispelled some of the most common misperceptions

about SPIs and revealed some relevant truths. At least four lessocan be drawni1) SPIs require a more sophisticated
understanding of their functioning; (2) certain key roles are highlighted by the pandemid'3) SPI approaches must be
dynamic to respond to different policy stages and conditions of the evolving issue set of interrelated issues (4) it is
important that SPIs connect nationally, internationally and globally. These lessons are all the more important for future
preparedness as a pandemic such as COVID and the associated health responses intersect wittlimate and other
environmental-related pressures and underlying socieeconomic disparities within and across countries.

More sophisticated understanding

The pandemic has forced the retirement of any notion
i £ O O0E AstaBledrglafionghiP befveen science and
policy, engaging solely in the linear transfer of
knowledge from experts to policy makers (Palmer,
Owens, and Doubleday2019). If it were only a matter
of one side conveying evidence and the other side acting
on it, we could reasonably expect almost perfect policy
convergence on pandemic responses among countries,
all facing the same pathogen. Instead, national, sub
national and supranational responses have diverged
widely based on different interpretations of the
problem and how to address it. Some governments have
prioritized economic functioning, while others took a
classic public health approach, which itself varied from
O£ AOGOATET ¢ OEA AOOOAS OI
choices were shaped by how actors intpreted their
contextual conditions. Almost all choices have been
contested.

This experience has cemented a more sophisticated
view of SPIs, especially within the Western democratic
tradition. Well-functioning SPIs should be dynamic
ecosystems of organizabnal arrangements and
processes that serve to structure the relationships of
diverse actors around complex policy problems like
pandemic response. As the range of actors brings a
plurality of perspectives, SPI processes must help
facilitate the exchange of scientific evidence and place it
in the context of surrounding (sometimes opposing)

14EEO OOAI EOOEIT

xAO ET OPEOAA AU OEA #1111 EOOAA

social values(Douglas 2009). By doing so, they create
the conditions for evidenceinformed policy options to
emerge, with high credibility and social legitimacy(van
den Hove 2007; United Nations Environment Program
2017; Weingarten, 1999)

Key roles within SPIs

We tend to think of this work taking place in formal
government settings such as Panels, Advisory
Committees or other institutional structures operating

AG OAT 01 AAOU (GuSafséoh Brid Aidskog T O

2018; Guston 2001; White, Larson, and Wutich2018).
But the pandemic also has revealed the role of SPI
mechanisms outside of government (e.g. higprofile
individual academics and science jawalism, etc.) in
influencing policy eonsensus ang pr lgating ideas, -
\';%/Iieegir g\‘frréaé '%IJ forrﬁa@, Rthe%relgpg%réeﬁcéd 014 E /
pandemic has served to illustrate and affirm that
boundary roles in the SPI ecosystem are distinct from
the conventional scientific work ofresearch, publication

and dissemination (Gluckman, Bardsley, and Kaiser
2021; Pielke 2007). They include:

1. scientific knowledge generators: researchers
and technical experts

2. scientific  knowledge synthesizers: with
specialized skills in knowledge integraion and
meta-analysis

I £ %9DA0O0OO

Interfaces, which was authored on behalf of CEPA, by thethars of the present submission. We recommend that this submission

be read in conjunction with the CEPA guidance note

https://pu blicadministration.un.org/Portals/1/Strategy%20note%20science%20policy%20interface%20March%202021.pdf
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3. scientific knowledge brokers: those who work
as multidirectional conduits between SPI
stakeholder groups

Science communicators.

Some boundary organizations will have practitioners in
each of these roles, especially organizations that
specialize in certain sectors of public policy. More often,
however, the roles will arise from different parts of the
SPI ecosystem and need to coordinate their efforts
deliberately. This is especially true during a crisis like
Covid-19. For instance, minstries of health have most
often coordinated these roles, including working with
specific academics and science communicators outside
of the ministry.

Different approaches for different stages and
conditions

The experience of the unfolding pandemic haslso
offered a unique view of how SPIs are mobilized in
different ways at different stages of the crisis,
depending on the types of decisions and actions needed.
At the outset, when treatment and prevention drugs
were unknown and ICU protocols were only emrging,
the best tools available were the behavioural measures
of public health (i.e. social distancing and increasing
mobility restrictions, masking, hygiene). This approach
demanded collective action, which in turn required
careful sciencecommunication to the public, informed
by the social and behavioural sciences, as well as
community input. The latter has been especially
important in the context of multi-cultural communities.

Such behavioural restrictions wear thin quickly,
however, and more comprehenve pandemic
responses emerged as the pandemic, knowledge of the
pathogen and the efficacy of measures akvolved.
Responses have been based on how officials have
interpreted new knowledge and the evolving threat
within their socio-political and material contexts. It is in
this interpretation that the interplay of scientific
knowledge and normative public values within SPIs is
best illustrated (Wesselink and Hoppe 2020)

We have seen the Covid9 threat constructed (framed)

in many different ways, each wih different sets of
consequences (e.g. as primarily an economic threat, a
threat to personal autonomy, a threat to specific sub
populations, to mental health, etc.). All of these are valid
concerns, but the relative emphasis has varied across
time and plae. At times, SPIs must adopt iterative
processes that enable consensus on the framing and
structuring of the problem (or set of interrelated
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problems) so as to synthesize evidence from multiple,
and sometimes competing, perspectivegMair et al,
2019; OECD2020; Stevance et al2020; Wesselink and
Hoppe, 2020). To this end, the key functions of SPIs at
various stages include:

1. problem framing: defining the nature and extent
of the problem, in a collaborative way and
informed by evidence

2. problem structuring: minimizing disagreement
and uncertainty in the nature of the problem
and the nature of the knowledge needed for
action.

3. knowledge selection: determining relevant
knowledge needed for problem structuring and
designing solutions; involves integation of
various disciplinary knowledges and reflection
on possible hidden biases

4. Managing relationships between stakeholders:
structured processes that protect the integrity
of the science while preventing strict
technocracy.

Covid has exemplified the nee for agile SPIs that can
move through these functions as real time data and
information shed new light that can prompt reframing,

restructuring or seeking new types of knowledge to
inform policy options anew in quick learning and

adaptive iterations.

At the same time, the pandemic has also demonstrated
that linear processes of knowledge sharing do have a
place in wellfunctioning SPI strategies. For instance,
xEAT OEAOA EO AT 1 OAT 600 11
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of evidence provisioning is still an important SPI
function. Evidenceinformed modeling and analysis
aimed at characterizing the extent of the threat or
impact in different populations or testing different
policy variables is invaluableintelligence to optimize
the policy response.

Connecting SPIs vertically and horizontally for
better policy coherence

Both the iterative and linear processes of SPIs are made
more effective when they are connected horizontally
across sectors and across Ilels of government
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disruption has demonstrated the systemic nature of
nearly all socioeconomic activity. No matter which
sector is prioritized within the pandemic response,
there are ripple effects across allectors, which require
cross-sectoral collaboration to fully examine and
accommodate. Involving experts with different sectoral



expertise has helped to mitigate the tradeoffs. For
instance, the International Public Policy Observatory in
the UK is a newly ewblished boundary organization
designed to help policy makers apply systemic social
science insights to help mitigate the impact of the
pandemic?

At the same time, connecting SPIs internationally and
globally is just as important as connecting
intersectorally. Policy trackers and observatories have
proliferated since the outset of the pandemi¢ This is
one way for policy makers to source policy ideas to
apply domestically. However, when experts can also
share underpinning evidence as well as a common
position on what to count as evidence (whether for the
formation or the evaluation of policies) it enables the
necessary international and global collective action
against the pandemic. In turn, the necessary conditions
that enable such sharing are globallyintegrated SPI
mechanisms such as:

9 intergovernmental agencies (e.g. WHO)
convening experts and facilitative dialogue;
multi -lateral research consortia;

T
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opportunities for high-level policy dialogue that
includespublic policy and science policy, so that
countries can better align their science and
technology systems:

At the multilateral level, the foremost organisation for
establishing discourse and agendaetting on SPI is the
International Science Council (ISX; for which the

Program of Work usefully includes the mapping and
development of SPIs within the UN systerh.

Recommendations

The 2019 Global Sustainable Development Report may
have issued advice for prgpandemic world, but its
recommendations for SciencePolicy-(and society)
interfaces not only hold true, but take on added
Ei b1 OOAT AA ET 1ECEO
the key recommendations are recalled and reframed
below:

1 Knowledge sharing platforms with data
interoperability and accessibility;

1 https://covidandsociety.com/

2 See the Oxford Supefracker: https://supertracker.spi.ox.ac.uk/

1 Permanent national expert panels in key areas
of sustainable development;

1 ScienceSociety collaboration and cedesign
mechanisms;

1 Investment in sustainability science which
brings together scientific, practical and
indigenous warldviews;

Investment in quality science journalism;
Investment in science diplomacy to encourage
global research cooperation, especially South
South and SouthNorth relationships.

These recommendations can be enacted at both
national and multi-lateral (global) levels by a mix of
issue-specific and generalized SPI structures and
processes. The complexity of these interacting
sociotechnical and sociepolitical impacts of the

pandemic have thrown into deep relief the importance
of well-structured, well-integrated and wellconnected

SPIs.
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COVID19 exposes the Gender Digital Divide
Shivani Nayyar and Carolina Rivera Vazque NDP

Abstract

The Covid19 pandemic caused work, education, and many aspects of human life to move itite digital sphere. This
sudden move exposed the digital divide and vast discrepancies in access to quality internet, devices, and skills. We
analyze data on a range of IT skills that enable workers and students to migrate their activities online. We fitieht
women are systematically disadvantaged in a wide range of IT skills from sending an email with attachment, to making
a presentation or coding. The more advanced the skill, the greater the gender gap. As the world moves on from the
Covid-19 crisis, itis important to learn from this experience. Equitable access to internet access and skills, prioritizing

girls, and women, is imperative for an inclusive digital transformation.

Innovations in the digital economy have the potentl to
lift living standards of large numbers of people.
However, access to innovations are not always shared
equitably. In fact, there are many cases of groups of
people, even groups of countries being left behindFor
example, there was rapid developmenof the vaccine
for Covid-19 but it is primarily rich countries that have
been able to access it and widely inoculate their
populations?.

The Covid19 pandemic and the economic fallout from
it have caused setbacks in terms of human development
and the athievement of the SDGs At the peak of the
crisis, roughly 1.5 billion children were out of schodl
and across countries, female labor force participation
has fallen (Figure 5). At the same time, the impacts of
the Covid-19 pandemic have not been even HE impacts
on human lives are mediated by existing inequalities in
human capabilities. Those with higher levels of
education and training have been able to socially
distance and conduct their work and lives digitally. This
has not been an option for others

It has been observed empirically, in the past few
decades, that while there is convergence in terms of
basic capabilities, there is divergence in terms of

enhancedcapabilities.5 While there is convergence in
technologies such as mobile phone subscriptions, digital
gaps between countries and within countries have been
widening when it comes to technologies such as access
to computers, internet and broadband. While women
and menhave equality in the right to vote, women are
starkly underrepresented in political bodies and other
positions of power, and these gaps are not closihgsaps
such as these came to define the impacts from Covi®.

As Covid19 infections spiked, in manycountries people
were asked to work from home while school systems
and universities moved classes online. However,
unequal digital capabilities meant that this was not an
option in many countries. Within countries too, the
success of online work and schootlepended on the
availability of an internet capable device and of high
quality internet8. Women face different barriers to
access technology than men and were less able to adapt
to the switch to online work and services.

This policy brief takes a closer look at the technology
divide across gender. It analyses how girls and women
perform on a range of technological capabilities, ranging
from the basic (copying or moving a file or folder) to the
more advanced (writing a compter program), as

1 For a model where which shows that new technology, while expanding the possibilities for the world, can leave vast sectiofis o
the population marooned and without bargaining power sed@asu, Caspi and Hockett 201®@n the divide across nations, sednited

Nations 2020.

2 SeeUnited Nations 2021.Also seelnstitute of New Economic Thinking (INET) Commission on Global Economic Transformation

2021.

3 An estimated 119 to 124 million have been estimated to be pushed into poverty as a result of Ce¢®l Lakner and others 2021.

4 Strauss 2020.

5 UNDP (United Nations Development Programme) 2019.
6 UNDP (United Nations Development Programme) 2019.
7”Nayyar and RiveraVazquez 2020.

8 Adjusting the percentage of primary school children facing closures to account forh@ther the household had access to internet,
the estimated effective outof-school rate presents a lower bound of the oubf-school rate. In 2020, the effective oubf-school rate
jumped everywhere. While in low human development countries, it increased §9 percentage points, to 86 percent, it increased
by 41 percentage points, to 47 percent in high human development countrietINDP 2020.
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compared with men. The Covidl9 pandemic and the
rapid ramp up of the use of internet technology shows
us why this is an important exercise. In the world that
we are living in, technological capabilities, who has
them, and at what level,can determine who gets left
behind.

We find that women are disadvantaged in Information
and Communication Technology (ICT) skills across a
broad range of skills. On average, the more advanced the
ICT skill, the greater the gap in its mastery between
women and men. However, there is much regional
variance. Based on the findings on access and ability, the
brief concludes with some policy recommendations.

Findings

With Covid-19 infections spreading and social
distancing becoming the new norm, the sudden sttito
remote work and remote learning has exposed existing
gaps - only 46 percent of households globally have
access to a computer while 60 percent have access to
internet at home. When we consider internet users by
sex, on average 72.5 percent of men a®.3 percent of
women are using the internet. While the global gender
gap is 3.2 percentage points, there are regions such as
Central Asia, Southern Asia, and Stfharan Africa
where it is greater than 7 percentage points, doubling
the digital divide between men and wome®.

Girls and women face underlying, structural inequalities
Even in households with access to an internet connected
device, girls and women may lack access to these
capabilities due to social norms of discrimination. There
is evidence ofsocial conditioning whereby even at age
five, girls and boys show differences in the kinds of
professional roles that they aspire t&°. Girls and young
women disproportionately encounter cyberviolence
that manifests itself through threats of physical or
sexual violence or harassment, among other forms. The
high risk for online violence creates a hostile
environment, in which many women seltcensor or are
driven offline entirely out of fears for their safetyi1.

One of the main strategic objectives of the Hing
Platform for Action is for women and girls tohave more

21TU (International Telecommunication Union) 2021.
10 OECD 2020.

access to training intechnology, yet progress has been
mixed!2. To be able to migrate to online work, working
women must be fluent in technical skills. Similarly, in
education, b take advantag of online learning,
students are required to be digitally literate, and be able
to use technology effectively. There are ongoing efforts
to identify and address differences across gender in the
guantity and quality of engagement with, and learning
outcomes from, distance learning opportunities during
school closurés.

Here, we report on data available for 88 countries by
gender, from the International Telecommunications
Union (ITU) on some of these skills, including copying
and pasting within a documenttransferring files, using
basic arithmetic formulas in a spreadsheet, the
connection and installing of electronic devices, creating
presentations, downloading and configuring new
software and others. These skills range from the basic to
more advanced, refecting the distinction between basic
and enhanced capabilities.

"EOI 66 AT A x11AT80 AANOEO
geographical region (Figure 1).Europe and Northern
Americaand Northern Africa and Western Asiehave the
highest percentages of women withCT skills (basic and
enhanced), while SubSaharan Africa,Central Asia and
Southern Asiaand Latin America and the Caribbean
have the lowest. When it comes to the skill of having
written a computer program using a specialized
programming language (in thelast three months), the
rate is quite low in all regions4.

When we look at the gender gap, across every digital
skill and every region, women have mastered the skill at
lower levels than menz the gap is always positive. On
average, we see a trend the more advanced the skill,
the greater the gender gap (Figure 2). The biggest gaps
between men and women are irfinding, downloading,
installing, and configuring softwarewith 6.1 percentage
points difference, and intransferring files between a
computer and other devicesvhere there is 5 percentage
points of difference between men and women.

11 Lopez 2018.These biases and experiences tend teanslate into real lifetime outcomes. For example, only 22 percent of Al
professionals globally are women and less than 30 percent of researchers are womddNESCO (United Nations Educational
Scientific and Cultural Organization) 2021. SeeWEF (World Ecaonomic Forum) 2018.

12 UNESCO (United Nations Educational Scientific and Cultural Organization) 2020a.

13 UNESCO Global Education Coalition 2020.

14 This is low also for men. Overall, in only 11 countries do more than 10 percent of people report having writtartomputer program
using a specialized programming language, in the last three months.
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The pattern also holds in the regions Europe and North
America and Latin America and the Caribbean (Figure
3). Gender gaps are wider for the more advance®T
skills. In Europe and North America, the biggest gap
between men and women is in downloading, installing,
and configuring software with a gap of 10.1 percentage
points. In the region Latin America and the Caribbean,
the biggest gender gap is in connectgy and installing
new devices, with a gap of 2.7 percentage points. These
gaps are reflected later when women join the labor
market. According to the 2018 Women in Tech Index,
the percentage of women working in thdCT sector are
14.2 percent in Mexico andL5.5 percent in Chilels

In Sub Saharan Africa and Central and Southern Asia,
the regions where women have ICT skills at the lowest
levels, the gender gaps are higher in basic ICT skills
(Figure 4). In these regions, both men and women have
limited know ledge in enhanced ICT skillsThe dhare of
graduates in science, technology, engineering, and
mathematics programmes at tertiary levelthat are
female is lower than 10 percent in countries like
Bangladesh, Angola, Congo, Ghana, Mozambique or
Namibial6é As there is improvement in the uptake of
these skills, it is important to ensure that girls and
women, and not just men and boys, have opportunities
for learning them.

Figure 1. Proportion of young girls and women with information and communications technology (ICT) skills by type of skill and

region, last available year.
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Figure 2. Global information and communications technology (ICT) skills gap between men and women by type of skill, last

available year
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Figure 3. Information and communications technology (ICT) skills gappetween men and women for Europe and North America

and Latin America and the Caribbean by type of skill, last available year
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Figure 4. Information and communications technology (ICT) skills gapetween men and women for Central Asia and Southern
Asia and SubSaharan Africa by type of skill, last available year
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Figure 5. Impact of the Covid19 pandemic on female labor force participgbn rate
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" EOAT OEA CAT AAO AECEOAI
lower access todigital skills resulted in disadvantages
when it comes to Covidl9 related switch to online
education, work, and services? The data are still coming
in and at present, with available data, it is not possible
to establish a causal connection such as thisottever,
we do see sharp drops in female participatiorand this
is seen in different countries across the globe. The
Covid-19 pandemicpushed11 million girls out of school
while the female labor force participation ratehas fallen
between 1 and 3 percentge points for countries such as
Australia, United States, Canada, Japan and Korea
(Figure 5) and 10 percentage points in Mexico, Chile and
Colombiét. It is important to note that the fall in female
labor force participation could also be attributed to
other factors such as increased care responsibilities,
including of children doing online school and for the
elderlyz.

Women also face higher risk ofosing their jobs due to
automation. It has been estimated thaxx | I AT 8 O
have a 70 percent or higher prbability of automation,
which OOAT 01 AOAOG ci T AATT U OI
Women with educational attainment at thehigh school
level have higher risks compared to women that hold a

AAAEAT T 080 AACOA&e Republic sfADAT ThOT)GOOMAT BT A CEOI 08
I T @Amning.O1 T AOAAT A Ol

Korea, and Chilex T 1 AT 80 ET AO AOA
automation than men3
Conclusion andpolicy recommendations

As Covid19 crisis has exposed a range of inequalitiés
and revealed how lack of access to IT skills can snowball
into losses in learning, loss in joband livelihood, and in
being left behincb. To counter the impacts on livelihoods
and jobs, some countries have put into place policies.
Other organizations such as nonprofits have also
stepped up. A startup, Zimba Women, in Uganda has
launched an ecommerce platform ZIMBA MART that
offers women esolutions to transition their businesses

1 UNDP (United Nations Development Programme) 2020b.
2 Azcona andothers 2020.

A Et® dhiind tcomrieic® SoE dountriés hav@putini pladel 8

policies that secured digital access for women. In Costa
Rica, the Instituto Nacional de las Mujeres (INAMU)
launched virtual learning platforms offering distance
learning courses for women leaders and expanded the
coverage of theHogares Conectadogrogram, as a
mechanism to address the COVHD9 crisis and reduce
the digital divide. The program provides a computer and
internet connection to socioeconomically vulnerable
households and 85% of beneficiary households are
headed by womeri.

Many of the shifts towards online activity and services
adopted during the current crisis are likely to be
mainstreamec®. The current aisis has speeded up the
transition to digital activities. As societies build back
better after the Covid19 pandemic, it is important to
ensure that gender gaps in access to digital skills are
closed. Beyond the pandemic, policies need to be
directed to specifically address access to high quality

E int&r@et capable devices by girls and women, providing

a safe and encouraging environment. In Finland, for

p examplé, Bréatib&rid intermet atclsk fabedn tefirdd as

a legal right for every citizen®. Awareness campans,
nudges, and incentives can be directed to change social
AAAAOGC

As we have shown, larger gaps are emerging in more
advanced digital skills. Training and resources should
be targeted more directly at programming and other
advanced skills. There are organizations that work
directly with girls, helping them acquire skills in
programming and machine learning, to solve problems
in local communities such as Technovation, Teensinai
and Laboratoria and Nilas STEM in Latin America.
Governments should partner more extensively with
these organizations and scale up their successes. Girls

3 Brussevich and others 2018; DabldNorris and Kochhar 2018; UNDP (United Nations Development Programme) 2020a.
4 See alsdJnited Nationa Conference on Trade and Development (UNCTAD) 2020.
5 SeeUnited Nations Conference on Trade and Developmg(UNCTAD) 2021.

6 NefeshClarke and Orser 2020.
7UNDP (United Nations Development Programme) 2021.

8 Companies such as General Motors and Facebook have announced that they will permit large fractions of their workforce to
continue to work remotely. In aher countries, including developing countries, the pandemic is far from over while vaccination
proceeds slowly. Online work, school etc are likely to continue. SE®sik 2021; Duffy 2021.

9 Brussevich and others 2018.

10 Technovation is a global tech nonprofit organization that has helped 140,000 young people especially girls acquire programgin
and IT skills to date. Girls work in teams, find a problem in their community, and design a mobile app to address it. Otharaples
include the Girls in Al initiative from Teensinai. Se&echnovation; Teensinai.
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solving community problems will also help change ¢mg @8 Ol AA C"ATEVNTMIETQRGr8 1 OAE
societal beliefs and expectations about their abilities. EOODOGTTAI 1 CO8x1 Ol AAAZEBI OC1?
_ _ o AOOE A (DA GiEd 1 1 B A O MOIOIURAR Fz€:

Post Covidl9, we are likely to live in an even more cn@MAOOIZicEp ¢! ARAOOAA pp */
digitalized world. Disadvantages in digital literacy, skills [ DAUF 8 8 27T T AT 56 3 A&EA
and access will matter even more with risks of leaving yAUN -8 cmpys e 7l 0> ~

) yT ANGAT EOU El )y T OAOT AG ' A,
large swathes of people behind. As the world emerges AR ART (1 OT EAAOE i T
from the Covid19 crisis, it is important to prioritize EOODOGTTI Ax OsmAEREOUDRKEAART O
girls and women ICT skills, for them to engage in digital E] AN G &0 A

learning and be able to access opportunities in a o . 3 & A DALT REG o

changing labor market, resulting in a more equitable U OAO 4EDA AT A %DEOOR IOEAT

and resilient system going forward. SAOAI I DI AT O AT A H#ADAAEI EOQEA:C
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11 Some apps designed are one in India that connects waste collectors to recyclers in India, and one in Nigeria that helps tiztee
medicines. Sedlder 2015; Busari andAkande 2018.
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C. Specific technology applications and case studies
Can Big Data Support Assessment of Policy Effectiveness Amidst Crises?

Fouad Mrad Patrick Saoud, Raphaelle Akhras, Youssef Chaitamid Juraj Riecan UNEconomic and Social @nmission
for Western Asia (ESCWA)

Note: The views expressed are those of the authors and do not necessarily reflect those of the United Nations or its senior managém

Key Messages

1. Big data provides decision makers with near redlme information access pertaining to the impact of the crisis,

especially in humanitarian relief missions.

2. Nontraditional data sources can support the different phases of crisis management from planning to evaluation

through timely monitoring and analysis.

3. Analyzing nontraditional data sources facilitates better granularity as individual burdens are mapped to individual
devices and reduces biases due to technology dependence owing to the large databases and diversity of sources.

4. The use of big data iBo substitute to traditional sources of information, yet it plays a complementary role with
supportive information to enable timely and innovative knowledge not possible otherwise., especially during times of
crises (e.g., Satellite Images, Call Detail Reds, Social Media sentiments).

Introduction

Policymakers have traditionally relied on official
statistics to guide and formulate their decisions. These
inputs are assaociated with certain caveats such as being
time-consuming, expensive and infrequently updated.
Furthermore, in times of crisis, the information they
carry might be obsolete for the governmental decision
making process under pressure. With the advent of the
Big Data revolution, heralded by the adopon of
Machine Learning, nontraditional data, gathered from
various sources, have surfaced as useful tools for
policymakers. They can be implemented in the various
cycles of the policy making process and have proven to
be an invaluable tool in the arsenkof decision makers
in times of crisi234. With the ongoing debate regarding
whether these sources complement or replace official
statistics56, two pilot projects were conducted by
ESCWA and partners to examine the usefulness of Big
Data sources and rlated tools in the process cycle of

making adequate policiesESCWA O DA OOT AOO

the Ministry of Telecommunications in Lebanon,
DataPop Alliance, the Central Administration of
Statistics in Lebanon, the Department of Statistics in
Jordan and the Qaar Computing Research Institute.
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Project 1: Syrian refugees and host
communities in Lebanon

The first pilot project addressed the potential benefits
of exploiting Big Data to capture living conditions of
Syrian refugees in Lebanon and their host communés.
The work relied mainly on four unconventional data
streams to evaluate the usefulness of Big Data in a
twofold fashion: (i) can a correlation between these Big
Data sources and official statistics be established? and
(ii) could timely and relevant indicators be derived from
these nontraditional sources which would not be
available in official statistics?

Call Detail Records

Mobile Call Detail Records (CDRs) have been
highlighted as robust and viable surrogates for
socioeconomic indicators in previous researchi8, as
many proxies can be reconstructed from the
information present in themo®10. After reaching an
agiedinerd A A Between the Ministry of
Telecommunications and the National Statistics Office
in Lebanon, CDRs were collected from the mobile
providers in Lebanon for three consecutive months
from 2016 until 2019. In addition, one of the providers
offers an exclusive bundle for Syrian expatriates, which
allows a further segmentation of CDRs to the concerned
population under study.



The populationdistribution was estimated based on the
number of calls, and mobility patterns were analyzed
following security-related events involving Syrian
refugees in Lebanon, which indicated that the
aforementioned refugees relocated to nearby areas,
rather than migrating to more remote regions. It also
highlighted the shift in population density in certain
areas, which could also be attributed to some refugees
returning home or seeking shelter in different
countries. Furthermore, economic proxies were created
from phone activities, which pointed out to a similarity
in working days across the year, established via
parametric and nonparametric statistical tests. Finally,
a multivariate linear regression was deployed to
confirm a strong linear correlation between these
proxies and existing official statistics on the subject.

Twitter

Tweets regarding Syrian refugees and their respective
host communities were retrieved from Twitter via web
scraping and a sentiment analysis was subsequently
conducted on them, despite this acial media platform
not being as popularly adopted as in other countries.
Sentiment analysis is a subbranch of Natural Language
Processing, itself a Machine Learning paradigm, where
text input is passed to the learner and one of three
scores (positive, ngative or neutral) is attributed to it

It allows policymakers to obtain a feel of the opinion and
perception of the general populace on relevant subjects,
as well as the impact of certain policie®.13. An increase
in negative sentiments was witnesseddwards all issues
(keywords)-related to Syrian refugees, as well as a
decrease in neutral stances, coinciding with several
security related incidents in different regions across
Lebanon.

GDELT

The Global Database of Events, Language, and Tone
(GDELT), a rpository of news articles in multiple
language$415 was also scanned, and its contents
relating to salient topics were subjected to a sentiment
analysis as well. Similar findings to the analysis of
tweets confirmed an increase in negative opinions
towards Syrian refugees, and a decrease in neutral
opinions, possibly indicating a polarization of writers
towards negative sentiments regarding this matter.
Furthermore, a decrease in articles redacted in Arabic
and an increase in English articles covering thesssues
spanning 2016 to 2019 was determined.

Facebook

Facebook registration records were gathered and
benchmarked with some official population statistics in
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surveys conducted during 2019 on Syrian refugees and
Lebanese host communities. This indicated #t both
refugees and host communities share similar high
school attainment, which however is not reflected by
the economic gap separating them. Furthermore,
Facebook Adverts Data, which has served as a proxy for
population demographics and migration flowsé, was
also studied. It reflected a dominance by male users,
which could be attributed to misregistrations for
security purposes, or to social familial factors.

Project 2: COVIBL9 response policies in
Jordan and Lebanon

The second pilot project aimed atutilizing several
nontraditional sources to evaluate the effectiveness of
certain response policies to the COVHR9 pandemic in
both Jordan and Lebanon. The project also developed a
web platform tailored for policymakers in the region to
investigate the impact of their implemented policies at
the national level.

Twitter

Akin to the first project, Twitter was selected to examine
the views of the population towards the COVIEL9
pandemic socioeconomic repercussions. A sentiment
analysis was performed, and theresults confirmed a
preoccupation by the population with the current state
of the economy, and the need to provide adequate
financial support to the population at large.

Google Search Trends

Internet search queries pertaining to relevant keywords
can serveas a useful lens for policymakers to observe
whether a certain policy is garnering more attention by
the population. This can be achieved by monitoring
search trends (the Google search engine in this case) for
selected topics over a specific period, suchs a time
window spanning the pandemic and the
implementation of select related policies. One
important finding for instance is the Tkiyet Um Ali
Jordanian solidarity fund, which reached a local sudden
peak of 100% on March 29th 2020, which concurs with
the date of announcement of related policy in Jordan.
Another one consists of a peek in January 2021 in
Lebanon in reaction to the governmental Impact web
platform, which deals with authorization requests to
drive, following the imposition of total lockdown
measures for the upcoming two months.

Google search queries have also found applications as
an informative exogenous variable in predicting several
macroeconomic time serie$’.18.19 This is especially true
for nowcasting purposes$0.2t, where the current \alue of



an indicator exists but has not yet been releaséd In

this project, this was achieved by adopting the
Structural Bayesian Time Series framewor, which

relies on a Kalman filter to model the regular
components of a time serie®, the Bayesian Sge and

Slab variable selection method to determine which
relevant keywords should be retaineds, and Bayesian
Model Averaging to mitigate the effects of forecasting
model uncertainty2627, This approach yielded a
promising performance in nowcasting unempbyment

rate in Jordan on a holdout ség, displaying a better

forecasting accuracy than other time series models
which do not contain the queries.

Mobility Reports

Mobility reports have been publicly released exclusively
in times of pandemics by Social Mad titans. These
however are limited to a certain granularity in the

information they display, and their availability is

context-dependent. Nonetheless, they allow
policymakers to gauge the compliance of the population
to mobility restrictions. The results of the mobility

i ADPET ¢ AEOT i &AAAATTEBO

Mobility reports in all Lebanese districts show that

there are important behavioral differences during the

guarantine and the recovery phases between poor and
more affluent districts.

Nighttime Satellite Imagery

Remote sensing has proven to be a crucial asset in
policymaking during crises930. VIIRS Nighttime
satellite images were extracted from Google Earth
Engine during the COVIEL9 period, and were
compared to their counterparts from the prevous year.
These were first subject to filtering algorithms, as their
visibility is hampered by several meteorological and
environmental factors3.32, Between April 2019 and
April 2020, COVIDB19 and other local crises

resulted in a nighttime light sharp decrease of Beirut
area between 30 to 60%, clearly indicating the severe
economic impact of the changes.

Policy Recommendations

1. The digital footprint is already present with national
public utilities, traffic, and operations of urban
settlements. This data asset should be harnessed for
mobility analysis to decouple from data dependence on
social media platforms that are made available only
during the crisis as identified by these commercial
enterprises.

2. In cyclic crises like COVIAw h

corrections can be suggested, which are an
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improvement to the blinded decisions made under
pressure for totally justified circumstances.

3. Governance of data is critical for an institutional
sustainable process to secure future coopetimsn and
partnerships. In addition, trust in data sources and
related analysis is essential for building confidence and
buyout of recommendations. The equilibrium tradeoff
state can be achieved while balancing between data
richness (accuracy and usefulneg and the protection
of privacy (governance). Partnerships and convening of
stakeholders become an integral part of any project
implementation.
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Ma3an-Together Against Corona, The Official Lebanese Contact Tracing App:
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Abstract

National governments around the world are relying on digital tools to speed up and scale up contact tracing of
individuals affected by Corona Virus Disease 2019 (COVID) to mitigate or contain potential resurgences. Several
countries have implemented mobile apps as complementary tools for rapid contact tracing and notification of
potentially infected or high-risk individuals. Similarly, Lebanon has developed a CO\I® contact tracing and exposue

11 OEAEAAOGET T ADPCAAERAA! QABELAD #1 O0i1 Aoh AO PAOO 1T £ EO
app aims to complement manual contact tracing activities carried out by the Ministry of Public Health (MoPH). Ma3an
was conceived and dveloped by the MoPH and a team of experts from the interfaculty Humanitarian Engineering
Initiative (HEI) at the American University of Beirut (AUB), in collaboration with the developer TedMob.

4EA TAI A -AcAlTh A OOAT Ol ECAOADERT PEAOHEAO! DEAEWA

and collective effort needed to break transmission chains and reduce viral spread. The app uses-Ewergy Bluetooth
technology to detect nearby phones of other app users. Through the Bluetooth antexm the phones of Ma3an users
xET ATT A ET AlT OA POI @EIi EOU x1 O A AAOGAAO AAAE 1T OEAOGC
keys that indicate a contact, without collecting nor revealing any personal information from the users. Thigormation

EO OAAOOAT U OO1 OAA 11 OEA OOAOOG PEITAO AT A pPOT OAAOA,
phones are uploaded to a MoPH server for analysis. App users who are identified as high risk, based on proximity and
duration of the contact with an individual who tested positive, are notified via the app without revealing the identity of

the positive case.
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suffering from an alarming surge of cases that
dramatically drained the healthcare system [5].
Lebanon has also introduced several non
pharmacological mitigation interventions, including
mandatory physical distancing and mask wearing,
which saw varying levels of compliance. Among such
interventions, the identification and isolation of positive
cases through contact tracing played a substantial role,
particularly at the outbreak onset. However, it was

The Need

Since the beginning of the COVHD9 pandemic, many
countries relied on lockdowns as primary non
pharmacological intervention to control the spread of
this great public health threat. Until now, lockdowns
bore high socioeconomic costs and were ineffectivani
curbing the pandemic [1]. One potential tool for a
successful exit strategy is contact tracing that attempts
to identify people exposed toCOVID19 and stop the

onward transmission. This can be facilitated and
automated by mobile apps. As of March 2021, more than
140 countries and territories in the world established
digital contact tracing apps[2]. Recent research has
praised mobile apps as an essential tool among the
OADPAOOT EOA
COVID19 infections [3]. For example, Hinch et al.
showed through an epidemic simulation otJK data, that
a contact tracing app could help in lifting a lockdown
and suppressing the pandemic, if around 60% of the
population used it[4].

In Lebanon, the Government has respmled with
various levels of lockdown to prevent health systems
from being overwhelmed. However, since the Beirut
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evident that manual contact tracing could not work at
scale. With limited resources available, there was a
critical need to strengthen, intensify, and increase the
efficiency of contact tracing efforts of theEpidemiologic
Surveillance Unit at the MoPH. In. this, regard, a mobile
Y B mdeeiniach QOLGA
trace contacts unknown to a positive case and could
notify contacts quicker and with fewer human
resources than manual contactracing. In a true public
private partnership, MoPH, HEI, and TedMob designed
AT A AAOAIT T grAgktheDAgdirstACbrona” (| 0
, the official contact tracing app for Lebanon.



Components of a Digital Contact Tracing App

Developing a digital pwlic health intervention requires
going beyond the technology and addressing a
multitude of factors as a prerequisite for success. Two
primary guidelines were followed in this regard, WH®
and Google/Applé?.

Privacy and Transparency

Arguably the mast important factor for a contact tracing
app is the trust of the public in the system. This comes
about by guaranteeing privacy, anonymity,
confidentiality, appropriate data protection, and
transparency in data management. Privacy was ensured
through technical and data logging design decisions, by
utilizing encryption and strict restrictions to data
access. Along these lines, only necessary data (signal
strength level indicator, random numbers, date, time)
needed for tracing was

logged for the shortest

possible duration (21 —

days) and retrieved
from the phones
only when needed
(user tested
positive). At app
installation, only
OEA OOAOG
phone number
was used to
validate the
registration,

with no other
private

information
required. Anonymity was
guaranteed by using random

encrypted numbers to log encountered devices instead
of actual phone numbers and these numbers were
periodically updated (20 min validity). Transparency
measures included clear consent at app installation,
explicit consent at data upl@d, and a publicly published
privacy policys8 detailing user rights. In addition, this is
one of the rare times where a governmented project
publicly posted the source code of the app.

Technical

Ma3an uses Bluetooth technology to broadcast random
numbers anonymously to other mobile phones using

OEA ADPDP8 4EA APDPO 11 AAAE
numbers along with the time/date and received signal
strength (as a correlate of distance in meters). Thdata

is logged by the phones locally. The MoPH is informed of
positive cases by national laboratories in Lebanon daily.
The MoPH queries the registration database for phone
numbers of positive cases, and only then sends them a
notification requesting the tracing data saved on their
phone. The time/date and signal strength are inputted

ET OT A OEOE i1 AAT O1 EAATO
risk cases are then notified through Ma3an of their
exposure. Fig.1 illustrates this sequence of events.

Using this model, the app design follows a hybrid
(decentralized data logging and centralized tracing)
approach for data storage in such a way that it stores
encrypted data only on the phone, not on a central
database. The collection, use, and storage of data is
limited to positive cases and only for the purpose of
contact tracing. The data is stored on secure servers
(encrypted in transition and in storage) and managed
only by the MoPH staff with special authorization.

During the development phase, the app went thragh
extensive testing to evaluate its impact on battery life
and the correlation of received signal strength with
distance. The results validated what is already known in
the literature regarding the limited accuracy of
deducing distance from received signiastrength. These
results informed the risk model developed.

Figure 1Data Flow through Ma3aapp
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56 https://www.who.int/publications/i/item/contact __-tracing-in-the-context-of-covid-19

57 https://covid19.apple.com/contacttracing
58 https://www.moph.gov.lb/en/ma3an
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Risk Model

The log data downloaded from the phone of an app user
with confirmed COVID infection are processed on the
MoPH backend server. Data are processed separately
for two different time intervals. One interval starts at
one-week prior to diagnosis and ends at dignosis. The
other time interval starts three weeks prior to diagnosis
and ends one week before diagnosiDuring each of
these time periods, the total contact time with the
diagnosed case is estimated for each app user logged on
the phone. The estimatiorworks as follows: only signal
strengths that correspond to an approximate distance of
2m or less are considered. When two consecutive log
signals of the same user are separated by 10 minutes or
less, the time interval between these two signals gets
addeddi OEEO OOAOB8O OI OAI
interval above 10 minutes, 90 seconds get added to the
total contact time. The user anonymous IDs and their
total contact times within each of the two time periods
are returned to the MoPH. Authorized MoPH aff then
decide based on the estimated contact times in each
time period which user to notify.

Branding, Messaging, and Campaign
The team conceptualized the brand name, which had to

AT 1

social good), and equity and justice (e.g., the app should
be available for all). In the absence of a local legislation
specifically addressing data protection using digital
information, the Lebanese Law 81 was used as a
minimal standard frameworE O1 AAOQOAI T B
privacy policy. All the information related to data
protection and human rights is explicitly included in the
policy document.

The Ma3an team proposed to establish an independent,
expert oversight advisory board, tasked to oversee th
effective implementation of data protection guidelines.
Currently, the advisory board is being formed.

Assessment

Output indicators that are constantly monitored are:
Gér Advnlaads | udes belgaViadadifereric& nudiger of
positive users, and number of contas traced. The
desired outcomes were: compliance of contacts with
instructions which could be demonstrated by a reduced
transmission/positivity rate among the users of the
application; identification of clusters of transmission for
quick deployment of mitigation strategies; and risk
model correlation to users who test positive to be able
to calculate a reproductive rate for Lebanon. However,
up _to the date of writing this brief, it was not possible to

ET Al OAA OEA ATTAADBOO 1T £ 00O Ashekd ofiéoines AuUe bo@hA Bk dhédiofy Bpike oftheA

virus, and was lased on a systematic and extensive
review of contact tracing apps developed globally.

The team also coordinated the development of the
content of the app (the screens and messages that the
app uses) and developed an integrated marketing and
communication drategy, aiming to motivate app
downloads and correct use (enabling notifications and
Bluetooth). Thegeneral target population included any
person traveling to Lebanon or residing in Lebanon
(being Lebanese or of other nationalities), who spoke
English or Arabic, and who owned a phone running on
Android or iOS systems, compatible with the appwo
main_priority segments were identified: travelers
coming from abroad and residents. The latter segment
was further divided into youth and those residing in
crowded areas.For each target segment, we identified
key communication objectives (what users need to
know, believe, or do), messages, and tactics, that are
activities necessary for reaching the objectives.

Governance

The work of the Ma3an team was guided by the
principles of respect, fairness, and reducing suffering
from COVID19, and the ethical principles of autonomy
(e.g., voluntariness in using the app), beneficence (e.g.,
the app serves the community and is for tb greater
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app which the team attributes to the absence of a
targeted communications campaign and the lack of
adoption of the app as part of the national response
strategy. The low contact tracing numbers among app
users and the surge in positive cases in the country
indicate a less than ideal implementation.

Limitations

Even if using a contact tracing app proves to be effective
as part of a public health response in one country, it may
not be efficient or applicable in another. The efficacy of
digital contact tracing will depend on several social and
economic factors. In the Lebanese experience we faced
the following challenges:

1. One of the key barriers we experienced is related to
public awareness of the application and the
importance of contact tracing.

2. The overarching main challenge faced has been
funding. Although all entities involved in the design
and development carried out the work pro bono, the
team faced several rejections from local and
international agencies to fund the minimal
operational cost needed for thesystem hosting and
to fund a nationwide communication campaign.

3. We are also aware of the inequality inherently
introduced by such tools when it comes to



individuals with no phones or those with low digital
literacy.

Conclusion and Implications for Policy

We have witnessed tolerable public support for the
Ma3an app in tackling COVIEL9. Since its initial release
on 30 September 2020, the app registered over 75,000
downloads (~ 1% of the population). Since the launch of
Ma3an up until 26 March 2021, Lebanon dd 412,661
positive cases with 7,530 (1.82%) of those being Ma3an
users. This number can improve if funding is available
to implement the communication strategy to promote
the uptake of the app. Even with vaccines rolling out
worldwide, we still need effedive and efficient contact
tracing to control possible new outbreaks, particularly
with new virus variants. However, given that the app
would only be successful if downloaded at scale,
voluntary download is the main barrier to the
effectiveness of contactracing apps- as evidenced by
the comparison between countries that make it
mandatory and those who do no{6].

Policy Recommendations:

1- Ma3an has to be integrated into a wider national
strategy where digital contact tracing is part of the
comprehensive response.

2- A clear financial commitment is required from the
government to sustain and scale up this intervention.

3- Mandate Ma3an use to gain access to all closed public
spaces such as supermarkets, restaurants, malls, gyms,
schools, etc. Publigrivate partnerships are key to
enforce such a regulation; institutions have a vested
economic interest in contributing to breaking the chain

of transmission as opposed to being forced into
repeated lockdowns.

4- Partner with large organizations (syndicates,
universities, companies, etc.) to encourage members to
download the app.
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Addressing COVID-19 pandemic: Space technology for global health
UN Office for Outer Space Affairs

Note: The views expressed are those of the authors and do not necessarily reflect those of the United Nations or its senior managém

Abstract

In 2020, the world faced an extraordinary situation with global pandemic spreading into every corner of our planand
affecting societies and their health, economy, tourism, sports and culture among many other areas in an unprecedented
way. The COVIB19 pandemics demonstrated that innovative approaches to solve health problems were needed to
complement traditional good practices in the health sector. Such approaches include the use of space science and
technology for health promotion, health protection, surveillancegontact tracing, transmission monitoring, health-care
delivery in remote areas using telemedicine andele-health services. Space science and technology provide innovative
research platforms for advancing medical knowledge and spinffs for the development of healthcare equipment,
operational activities and procedures. Spacbased data and technologies fasr connectivity in health emergencies, and
the integration of spacederived information in health-care systems supports the mapping of populations, the treatment
of diseases, the distribution of medication, transportation systems and water supply and séation and facilitates the
monitoring of trends in air quality and health-related environmental factors.

OOSA

The Office for Outer Space Affairs builds national
capacities through its Space Applications Programme
and has organized capacitpuilding activities on
applications of tele-health to service delivery in public
health and environment space technology contribution
to infection surveillance, tele-epidemiology
contribution to public health actions in the ®ntext of
climate change adaptation use of space technology for
improving public health. The Office coordinates space
related activities within the United Nations system and
leads UNSpace, an interagency cooperation
mechanism. The use of space scienard technology for
global health is addressed in the special report of the
Inter-Agency Meeting on Outer Space Activities
(A/AC.105/1091). The United Nations Platform for
Spacebased Information for Disaster Management and
Emergency Response (UW$PIDER) of the Office
facilitates the use of spacénased technologies for
disaster management and emergency response and
disseminates through the dedicated UNSPIDER
knowledge portal, examples of experiences and
practices in using space for addressing CO®. The
Office, in its capacity asecretariat of the Committee on
the Peaceful Uses of Outer Space, supports international
cooperation in the use of space science, technology and
information for global health among Member States
through substantive support to the work of the Working
Group on Space and Global Health of the Scientific and
Technical Subcommittee of the Committee on the
Peaceful Uses of Outer Space
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Outline of policy issues

Microgravity for the development of vaccines and
medication

Since the first uman space flight in 1961, opportunities
to conduct science experiments stretched beyond the
WAOOEGO OOOZAAA AT A AOITO
Space Station, the largest, most complex and most leng
standing international cooperation endeavour in outer
spae to date, has carried out research, technological
development and testing, operational activities, medical
procedures and other healthrelated projects. The
unique condition at the space station allows not only to
examine the adverse effects of the micraogvity
environment on the human body, such as balance
disorders, cardiovascular deconditioning, bone
demineralization and muscle disuse atrophy, but also
use the microgravity environment for the development
of vaccines and medicines.

Microgravity allows protein molecules to get aligned in
an orderly manner, creating a highquality crystal that
enables the structural analysis of medically important
proteins and enhances the understanding of biological
structure-function relationships. As such, protein
crystallization experiments were performed on an
enzyme of a malaria parasite, to gain understanding of
potential treatment of malaria. Furthermore, the
microgravity environment may resemble human intra
intestinal conditions, both having a similar level of fluid
shear, a secalled mechanical force related to the motion
of fluids passing over cells, which allowed studies of
various zoonotic agents with the view to develop new



therapies and vaccines to combat salmonella infections
in humans.

With general public gédting increasingly familiar with
such terms as messenger RNA (mMRNA) flooding the
news covering the race for COVH29 vaccines, little
AxAOAT AGO A@EOOO 1T &£ i
screening molecules that could aid in the identification
of healthy and nanhealthy cells and potentially lead to
treatments for cancer, COVIEL9 and beyond. The first
COVID19 drug research in space started operations in
December 2020 in the European commercial ICEcubes
facility on the International Space Station, aiming at
increasing understanding how a broadgspectrum
antiviral medication remdesivir interacts with its
delivery substance cyclodextrin so that the drug's
efficiency can be improved.

Contribution of space industry to responding to COVID
19

Technology development andtesting on or for space
activities often produce incidental benefits or payoffs
for everyday technology in health care on Earth. The
directly applicable or spin-off/spin -in/spin -through
technologies led to advances in new materials, devices,
procedures ard organizational systems used in health
care. Materials initially developed for space flights can
be found in daily life in lightweight wheelchairs,
scratch-resistant lenses, invisible braces or first aid
thermal blankets. Magnetic resonance imaging (MRI),
computed tomography and infrared ear thermometers
are examples of spiroff devices. Recognizing the
shortage of respirators needed to assist patients with
COVID19 respiratory symptoms like coughing, trouble
breathing, and shortness of breath, NASA annooed
the development of Ventilator Intervention Technology
Accessible Locally (VITAL), a ventilator prototype
designed specifically to address the COWIO
pandemic

Isolation and confinement lessons from human

spaceflights

The COVIB19 pandemic has led tomplementation of
social distancing and lockdown strategies, aiming at
slowing down the spread of the COVIR9 pandemic,
but also resulting in psychological and physiological
challenges associated with prolonged isolation and
confinement. For decades, spaaesearch looked at the
need to study the effects of social isolation on mental
well-being and performance. lIsolation experiments
lasted for 60, 110, 135 and 240 days, culminating in the
longest physical isolation experiment in history,
namely, the Mars500 mission AT T AOAOAA AU
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Institute of Biomedical Problems (IBMP), with extensive
participation by ESA

During the Mars500 mission, three different crews of
volunteers lived and worked in a mockup spacecraft in
Moscow. The final stage of the experient, which was
conducted by an almale crew consisting of six
international crew members. The mockup facility
simulated an EarthMars shuttle spacecraft, an ascent
descent craft, and the Martian surfaceThe volunteers
who participated in the three stages included
professionals with experience in engineering, medicine,
biology, and human spaceflight. The experiment yielded
important data on the physiological, social and
psychological effects of longerm isolation, and could
provide insights to better coping strategies and
psychological support during the COVIEL9 pandemics.

Satellite communicationsfor addressing social isolation
and tele-education

Space technology through satellite communications
offer tools for tackling social isolation and loneliness at
the time of the pandemic and allows for contactless
social connection and networking Satellitebased
internet facilitates social connectivity, reducing
loneliness resulting from social distancing and
lockdowns during the COVIBL9 crisis. Furthermore,
communication technologies have been the core
enabler for tele-educaton, allowingeducational systems
to adapt and develop new ways of learning, asell as
identify solutions to mobilize learners remotely.

Space Technologyor Health Situational Awareness

The role of Global Navigation Satellite Systems (GNSS)
in the current COVIB19 pandemic is also substantial,
ranging from contact tracing to locatingthe positively
tested, leading to identifying risky locations, helping in
the adoption of policies by understanding mobility, and
monitoring the environmental factors of the lockdown
measures and spread of the disease. Beyond individuals,
a combination of navigation and communication
technologies is instrumental in monitoring and
detecting changes in trafficof cars, trucks, vessels and
trains. Monitoring of congestion levels at parking lots,
roads, and other transportrelated facilities became an
useful tool in indicating early disease activity

Tele-epidemiology

Tele-epidemiology combines the use of information
from satellite-based platforms to investigate and
forecast outbreaks and the reemergence of infectious

Hsenpses d ieguse of remote sensing hagynificantly
advanced the possibility to track and visualize the real



time evolution of local outbreaks and epidemics and
map the environmental influences for the epidemics
and critical public health infrastructure. Spacederived
information is used in tde-epidemiology in
programmes for specific diseases, such as yellow fever,
cholera and leptospirosis, to develop a decisieaupport
tool and to provide information for current vaccination
strategies.

Telemedicine

Telemedicine is a integral part of medicd care on the
International Space StationMedical teams ofdoctors,
psychologists and imaging specialists keep close contact
with crews on missions andguide them through health
issues Preventive, diagnostic, and therapeutic careas
well as urgent carein space is provided through the use
of telemedicine The COVID19 pandemic reconfirmed
the importance and usefulness of telemedicine as a
means to connect patients and health professionals
when a consultation in person is not possibleThe use
of telemedcine eliminates direct physical contact and
minimizes the risk of COVIBL9 transmission, enabling
to ensure the continuity of availability of medical care.

Policy recommendations

The following recommendations could be considered,
including in relation to COVID19:

(a) Raising awareness of the potential contribution of
space technology and applications to global health;

(b) Engaging with users, researchers, decision makers
and other stakeholders in the public health sector to
identify further needs in tools anddata that could be
provided with the means of space technology and its
applications;

(c) Strengthening capacities in terms of the discovery
of, access to and processing and use of space
derived data and information and furthering the
development of relevant bols and information
systems;

(d) Promoting institutional development by focusing on
advancing the integration of spacealerived data and
information into the decision-making processes in
public health;

(e) Supporting the harmonized use of space technology
in public health through the standardization and
updating of spacederived information, with a view
to eliminating duplication and overlap;

(H Promoting international cooperation for increased
use of spacederived data and information for
planning and decisionmaking processes in public
health, including for the mitigation of impacts of
humanitarian crises.

57



D. Country experiences , updates on activities and news

Mobilizing Sdence, Technology and Innovation for the Post -COVID Erain Japan and
beyond

MORIMOTO Koichi, HARAYAMA Yulamd NAGAI RyozoEngineering Academy of Japan (EAJ)

AcknowledgmentThis policy brief is a summary of the result of discussions at the Committee on PgSOVID19 Era,
Engineering Academy of Japan (EAWe thank the members of the Committee on Po&€0OVID19 Era for their active
participation, as well as the experts who mde presentations at the Committee for their valuable contributions.

Humans and Infectious Diseases

The relationship between Humans and infectious
diseases has a long history. Infectious diseases have
claimed many lives throughout era, such as the plague
in medieval Europe and the Spanish flu pandemic of
1918. On the other hand, means of preventing and
treating infectious diseases advanced dramatically from
the 18h century onward due to the development of
vaccines and the discovery bantibiotics. In 1980, the
World Health Organization (WHO) declared smallpox
eradicated, which had the consequence of removing
infectious disease control from the policy priority list.
However, infectious diseases have, in fact, subsequently
evolved into an even greater threat, exemplified by the
emergence of acquired immunodeficiency syndrome
(AIDS), and the global spread of diseases such as severe
acute respiratory syndrome (SARS), Middle East
respiratory syndrome (MERS), and new influenza
strains.

The autbreak of the new coronavirus disease (COVID
19) has hit our economic and social systems, sounding a
warning to the comfortable daily lives we have thus far
taken for granted, and forcing us to rethink our values.
The relationship between policymaking andscience has
had a significant impact on developments during the
pandemic, as humanity has striven to find optimal
solutions that balance the sometimes conflicting
demands of preventing the spread of infection while
maintaining economic and social activity

As most infectious diseases are caused by pathogens
that are transmitted to humans through wild animals or
livestock, the concept of zoonosis has become a
foundation of infectious disease theory. In addition, the
concept of One Health has been advocated recent
years. This approach takes a holistic view of human
health, arguing that humans are but one component of
the global ecosystem and that conservation of the
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ecosystem can only be achieved when both humans and
animals are healthy.

The Status of COW-19 in Japan

Japan has thus far experienced infection peaks in three
separate waves, with the government twice declaring a
State of Emergency, in April 2020 and January 2021.
From the outset, the Japanese government has asked
citizens to avoid "closed spaes with poor ventilation,"
"crowded places with many people nearby," and "close
contact settings such as closeange conversations," and
has urged a change in behavior at the individual level,
including encouraging people to wear face masks and
wash or sanitize their hands. The government has also
called for public cooperation in promoting teleworking,
refraining from non-urgent outings, and requesting bars
and restaurants to shorten their opening hours.
However, with an increasing number of infected
patients putting a strain on the ability of medical
institutions to accommodate them, in February this year
the law was revised to further enhance the effectiveness
of infection prevention measures and to stipulate the
support provided to businesses and localthorities.

It is stipulated that when declaring or lifting a State of
Emergency, the government will make a comprehensive
judgement based on monitoring of objective indicators
related to the status of infected persons and medical
institutions. In doing so, it is essential to consult the
views of experts with advanced knowledge and to
ensure close communication with the heads of local
governments.

Shifting to a Datadriven Society

When making decisions that will impact society as a
whole, the advanced use of information and
communication technology (ICT) is extremely effective
in refining decision-making based on data, accurately
assessing the impact of behavioral changes, and



utili zing big data. In particular, in the efforts to prevent
the spread of infection, the deployment of data analytics
would enable us to detect the infection spread in
advance and to better understand the characteristics
and propagation mechanisms of viruses tose
properties are yet unknown.

For example, numerical simulations of viral spread
conducted by RIKEM using the Fugakusupercomputer
have enabled researchers to visualize how differences
in building shape, seating arrangements, wearing of
masks and protetive equipment, and ventilation
methods play a role in the spreading of viruses.
Visualizing the dispersal and spread of the virus helps
control the spread of infection by allowing citizens and
governments to obtain a better understanding of
behavioral paterns which can reduce the infection rate.

On the other hand, from a bioethics perspective the vast
amount of data accumulated by medical institutions and
local governments requires special treatment as
personal information when handling. In order to
conslidate data on infection status and genome
analysis from across Japan in a consistent manner, and
to promote broad-ranging application of this data while
at the same time taking due care to protect personal
information, there are a number of issues that mst be
resolved. In addition, when making future predictions
regarding infection spread, calculation results may
differ significantly depending on the model used and the
way various parameters which form the basis of the
calculation. When promoting the useof data science to
design society, the choice of a scenario among the range
of available ones, will ultimately rely on a consensus
considering multiple social factors.

Testing and Diagnosis

The first step that must be taken when establishing
countermeasures against infectious diseases is to
identify infected persons and the spread of infection.
Polymerase chain reaction (PCR) testing is considered
the most effective way of identifying COVIEL9 infection

in individuals, and largescale PCR testing is geneig
regarded as essential in order to control the spread of
infection.

PCR testing in Japan has focused on controlling infection
clusters,through regional public health centes working

to control the spread of infection by concentrating on
tracing the infection route and identifying close
contacts. However, as community transmission
increased, primarily in urban areas, this basic policy
was revisedin March this year to expand the scope of
PCR testing to include unspecified asymptomatic people
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in order to detect signs of a resurgence in the infection
spread as quickly as possible.

Meanwhile, a number of mutated strains of the novel
coronavirus are beginning to spread across a wide
range of regions. With some of these mutant strains
confrmed to be highly infectious, in addition to

implementing thorough border measures such as
airport testing and quarantine for those entering the

country, it isimportant to expand systems for analyzing

the entire viral genome in order to accurately identify

community transmission, and to develop test methods
for rapidly detecting mutant strains.

Vaccination

It goes without saying that the development and rollout
of vaccines is critical in order to prevent the spread of
COVID19. Although there is a pressing need to expedite
the vaccine development and approval process, any
vaccine deployed must also be extremely safe, as these
will be administered not only to heathy individuals free

of infections but also to those with underlying
conditions.

While supporting the research and development of
domestically produced vaccines, Japan has also
concluded contracts or basic agreements for vaccine
supply with three pharmacetical companies abroad.
The first vaccine was submitted for approval in
December last year and approved in February this year.
The rollout of the vaccine has started with healthcare
workers, with vaccination of the elderly scheduled to
begin in April. Vacines from the remaining two
companies were respectively submitted for approval in
February and March this year.

When deploying vaccines, thorough, evidenebased
communication is essential in order to allay the public's
concerns regarding their safety andeffectiveness. In
particular, addressing the public's doubts and concerns
regarding viral mutations and individual differences in
immune function will help instill a sense of security and
promote societal acceptance of the accomplishments of
cutting-edge gience and technology.

International Cooperation

Controlling infectious diseases requires the collective
wisdom of the global community, and Japanese
researchers and other collaborators are utilizing
international networks to help generate global
commons.The output from these collaborative efforts
has been used to provide scientific advice to
policymakers and other stakeholder in a range of
countries via forums such as the Global Research



Collaboration for Infectious Disease Preparedness
(GloPIDR)?, and he World Health Organization (WHO)
R&D Blueprint for action to prevent epidemics.
Furthermore, the Coalition for Epidemic Preparedness
Innovation (CEPI} was launched as a publigrivate
partnership at the World Economic Forum in Davos in
2017 with the aim of establishing a mechanism (World
RePORMD for sharing data from research and
development findings to allow rapid action to be taken
on a global scale.

GAVI, the Vaccine Alliance, has launched COVAX Facility:

COVID19 Vaccine Global Access Facilityo distribute

vaccines broadly with the aim of reducing disparities
between countries and regions. Around 190 countries
have announced their participation in the scheme. By
the end of 2021, the program aims not only to provide
two billion doses of safe and déctive COVID19

vaccines that have been approved by regulatory
authorities or pre-approved by WHO, but also to achieve
equitable vaccine distribution regardless of income
level among vulnerable populations, which comprise
20% of participant countries. Japn is also leading the

Figure. Evolution of COVIDBD19 in Japan (Jan. 2020Mar. 2021)

formation of this framework and has announced a 200
million US dollar contribution.

Challenges and Future Outlook

Circumstances surrounding the spread of COVAIO are
closely related to a range of political, social, and cultural
factors, each of which will have a significant impact on
future developments. If we can rapidly implement
comprehensive measures to overcome the crisis, while
using the opportunity to rethink our fundamental
systems, new prospects for the future will emerge.nl
particular, we need to attach much value to the
establishment of trusting relationship among the
policymakers and scientists, as well as human resource
development. If we are to turn this global crisis into a
leap forward to a new tomorrow, crossborder
collaboration and a strong will to challenge the
unknown will be of paramount importance. It is
essential our current experience is passed on to future
generations as valuable lessons and used to develop
economic and social systems that are capable of
learning and evolving.
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Notes:

*1 Domestic cases excluding those returning from overseas on chartiights. From May 8, 2020, the data source was changed from
figures collated from individual data obtained by the Ministry of Health, Labar and Welfare, to figures collated from data published

by local governments on their websites.

*2 The ratio of severdy ill patients is calculated from May 8, 2020, when the collation method was changed. The ratio of severely ill
patients is defined as the percentage of severely ill patients among cases requiring hospitalization, etc.

*3 Care is required when making comarisons as the scale for patients requiring hospitalization, etc. differs from that for severely
ill patients and new positive cases (the number of new positive cases and severely ill patients has been magnified tenfold).
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*4 In some prefectures, the numbepf severely ill patients is calculated using published figures that have been collated according
to the prefecture's independent standards, and does not include patients who need to be managed in intensive care units (JCUs
etc.
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4 EA 0EEI EB@udndt® domBat pressing issues and the COVID19 pandemic

Department of Science and Technologyhe Philippines

Abstract

This brief discussesthe scientific initiatives and policies implemented by the Philippines to address a wide array of
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the COVIB19 pandemic. ltillustrates how a developing country, through the practices of the Philippines, maximizes
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Scientific R&D outputsoffer concrete solutions
to address COVIEL9 challenges

At the onset of the pandemic, the Philippines instantly

developed new and redesigned existing technologies to
aid the country in addressing the challenges brought by

the COVID19. The S&T solutions employed by the

government, led by the Department of Science and
Technology (DOST), can be categorized into immediate,
medium-term, and longterm.

Immediate COVID19 S&T Solutions

GenAmplifyM COVIB19 Testing Kit

4EA " AT ! 1 Pl-BARTRCRDet@ctidh Kit was
locally developed by Manila HealthTek and was
supported by the Department of Science and
Technology (DOST) and the Philippine Council for
Health Research and Development (PCHRD). The
detection kit offers a reattime detection of the novel
corona virus (COVIDB19) in respiratory samples using a
one-step multiplex real- time PCR platform.

It is now mass produced after securing the approval
£O0T I OEA OEEI EDPPET AOS
(FDA). The kit has the advantage against its foreign
counterparts as it ispackaged completely with an RNA
extraction device and viral transport medium that is not
found in other testing kits.
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RxBox Telemedicine Device

Main Unit

@ @
The RxBox was developed by researchers frorthe

University of the Philippines-Manila-National Institutes

of Health (UP ManilaNIH) and University of the

Philippines-Diliman (UP Diliman). The RxBox is a
biomedical device developed to measure the
temperature, blood pressure, heart rate, oxygen
saturation, uterine contractions, and electrocardiogram
readings of patients diagnosed with COVHR9,

especially those in severe or critical conditions who
need continuous monitoring. This device protects both
the patient and the attending healthcare worker asti

reduces contact between themproviding an efficient

way for the healthcare worker to monitor multiple

patients at the same time.

FASSSTER
B

The Ateneo Center for Computing Competency and
Regqargh cge@t€dlBeasibilityl Anplgsio OO @PMIE
Surveillance usng SpatioTemporal Epidemiological
Modeler (FASSSTER a hub for different data sources,
which provides a userfriendly tool for modeling
disease spreads in the Philippines to aithe Department

of Health's disease surveillance. FASSSTER takes a
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multi-dimensional modeling approach by using
localized indices from Philippine health records and
integrating other data sources including the disease and
event surveillance systems and existing electronic
medical records. It is also used to track number of
ventilators, hospital beds, etc.

Specimen Collection Booths

The DOSTwith its attached agencie$hilippine Council

for Health Research and Development (DOSACHRD)
and Philippine Council for Industry, Energy, and
Emerging Technology Research andDevelopment
(DOSTPCIEERD), also funded and supported the
development of Specimen Collection Booths (SCHB)

reduce the exposure of frontline health workers to
suspected COVIEL9 patients.

More than a hundred SCBs were produced and deployed
to hospitals ard facilities identified by the Department
of Health. The design created b¥futuristic Aviation and
Maritime Enterprise (FAME) Inc.was released to the
public, especially to the fabricators and engineers, to

and Communications Technology (ICT) and medical
AAAEI EOEAOS AT EAT AAI AT Os8
Science and Technology for a Resilient Community
against the Pandend (STRAP Block Grant)

The DOST Philippine Council for Industry, Energy and
Emerging Technology Research and Development
(PCIEERD), is leading the STRAP Block Grant to help
&EI EPETT O AAAPO O OEA Of A>
funded in this program include the following:
(1) Work from home tools;
(2) Workplace Ergonomics
(3) Safe mobility and transportz air, sea and land
(4) Response and coping up with the new normal
(5) Testing and calibration of locallydeveloped
medical devices
(6) Geospatial and ICTolutions to address COVID
19;
(7) New devices and products
(8) Protective Coatings for Surfaces and PPEs
(9) Detection and disinfection technologiesand
(10) Emergency Food for COVH29 affected families,
communities, and frontliners.

Rebuilding the Agriculture, Aquét and Natural
Resources in Response to COYEReAARRC)

The DOSTz Philippine Council for Agriculture, Aquatic

and Natural Resources Research and Development
(DOSFPCAARRD) is implementing the Program
O2AA0EI AET ¢ OEA | COEAOI 00
Resources in Response to COVIPw  j 2 A1 1 2 2 # ¢
aims to transfer technology and disseminate
information to the public in terms of ensuring food
security in this challenging time.

EAI D AOCIi AT O OEA Ci OAOIG AT OB AOEERIOGET SRWAS #/6)

Medium-term COVID19 S&T Solutions
SAEAT AR AT A OAOAAOAE
recovering better from the COVIBL9 crisis. Aside from
immediate response, the government must also
undertake programs that would have a more lasting
impact.

Addressng and Responding to COVID through Health
Research (ARCHER)

The program spearheaded by the DOST Philippine
Council for Health Research and Development (DOST
PCHRD) supports research projects that provide
regulatory studies and solutions directed tovards the
development of new drugs and supplements, vaccines,
diagnostic kits, prediction studies through Information
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The pandemic has brought new challenges and
heightened present issues being faced by different

AOA  Qdiidhs. khdwing thad He effedisiol tReACOVIDENID

remain as obstacles in the future, the Philippines has
started to initiate long-term solutions. Two (2) centers
known as the Virology S&T Institute othe Philippines
(VIP) and Pharmaceutical Development Centers, are
being lobbied to be institutionalized to serve as the
premier research and development institute in virology
and drug discovery in the Philippines.

Technologies can serve as investments to
boost competitiveness

The Philippines has been funding R&D projects,

I AAT OAOT OEAOR AT A AEAAEI EOI



human resources and further capacitate the industry in
terms of technological advancements.

Smarter Philippines through Daténalytics Research and
Development, Training and Adoption or Project SPARTA

The DOY, through DOSTPCIEERDdeveloped Project
SPARTA, in partnership with the Development Academy
of the Philippines (DAP), Analytics Association of the
Philippines, and CoursBank. Project SPARTA will
produce 30,000 data scientiststhrough free online
education that will capacitate interested individuals
with essential data science and analytics knowledge and
skills to efficiently manage, analyze and interpret data.
Project SFARTA is open to all Filipinos permanently
based in the country, who are at least senior high school
graduates, with or without prior knowledge on data
science and analytics. Scholars may pursue one of these
learning pathways: (i) data associate, (ii) datasteward,
(i) data engineer, (iv) data analyst, (v) data scientist,
and (vi) analytics manager.

Advanced Manufacturing Center (AMCen)

%AMCeﬁ

Advanced Manufacturing Center

Beyond the Conventional.

The AMCen aims to increase the country's technical
readiness, business sophistication, and innovation
rating by introducing one of the emerging technologies
that is foreseen to greatly contribute in the country's

goal of becoming globally competitive and to prepare
the industry, including the academe, for increased
research and development activities.

4EA #AT OAO8O OAOOEAAO
engineering services, materials development, research
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services, and training services. The DOST, through the
support of DOSTPCIEERDDOSTIndustrial Technology
Development Institute (DOSHTDI) and DOSTMetals
Industry Research and Development Center (DOST
MIRDC) developed this first additive manufacturing
research laboratory in the country. In the beginning of
the pandemic, AMCen produced thousands of face
shield frames through 3D printing and donated
assembled face shields to various hospitals.

Advanced Mechatronics, Robotics and Industrial

Automation Laboratory (AMERIAL)

-
I 7,
i

The AMERIAL aims to build capability in Industry 4.0 to
help boost productivity in global competitiveness of the
manufacturing industry especially the Micro, Small, and
Medium Enterprises (MSMEs). The AMERIAL is
envisioned to create a pool of skilled and highly
qualified workforce, and to become an accredited
training and development facility and service provider
in industrial automation.

Space Science, Technology and Innovation



The Space Technology Applications,
Mastery and Innovation
(STAMINA4Space) Program
undertakes research and capacity
building on satellite development
and operation in the country. The program
components on payload development (OPTIKAL) and
bus (PHL-50) develops technologies for small satellites
targeting increased utilization of local materials and
resources. For proliferation of knowhow, the program
component on establishing a university conartium
(STERUP) makes use of cubesats and the ground
station network as educational and research platforms
for university collaboration. The operations group
(GRASPED) continues managing the missions of two
microsatellites, Diwata1 and Diwata2, as wellas
developing remote sensing products. Finally, the
advanced satellite development component (AatDev)
aims to build and launch a satellite system that
provides data on a regular basis for applications on
coastal habitat assessment, aquaculture monitoring
water guality monitoring, forestry management, wide
area disaster damage assessment, land use and land
change mapping, monitoring of crops and other
agricultural products, ship and aircraft detection and
tracking, infrastructure evolution mapping during
crisis, and situational awareness during crisis, among
others. Aside from the microsatellites Diwatal and
Diwata-2, the Philippines also developed the cube

"""""" x AOA
2018 and 2021, respectively. The Program i&nded by
the DOST and jointly implemented by the University of
the Philippines Diliman and DOSFASTI.

The Philippine Earth Data Resource Observation
(PEDRO) Center, being managed by the DOG&dvanced
Science and Technology Institute (DOSASTI),
operates three Ground Receiving Stations in the
country. The PEDRO Center and STAMINA4Space
Program closely monitored Typhoon Goni (locally
65
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called Super Typhoon
Rolly); images and
analysis on affected
areas were distributed
to key national disaster

risk  reduction and

management  (DRRM)
agencies. Satellite
images of major

metropolitan areas were also captured during the start
of the COVIB19 pandemic lockdown to monitor the
situation of the traffic and other ground activities.

Through the projects and programs discased under
this section, the country aims to further upskill its
experts in order to turn technical data, technological
skills, equipment, and facilities into benefits for the
Filipino people.



Implication sof COVID-19 for science and technology -based emergency response in the
Republic of Korea

Korea Research Institute of Bioscience and Biotechnologrepublic of Korea

The ongoing global health crisis is continuing to test the role of science and technology in overcomiigasters? it is
clear that the COVIBL9 pandemic can be tackled only with the help of effective treatments and vaccines. This suggests
that science and technology have played a key role in appropriately responding to this new infectious disease and its

emerging variants.

The key factor inthe Republicof+ | OAA8 O OOAAAOO E 19 iStRe@aidblishiriErt ¢ a gdoVernddnisd) $
national response system. In terms of science and technologdlye Republic ofKorea has strategically invested in basic
research and effectively combined research and development (R&D) and infrastructure capabilities. As a result,
diagnostic technology could be developed in time to contribute to effective infection control.

How couldthe Republic ofKorea have enhanced itsesponse to COVIEL9 using science and technology? Thimief aims
to answer this question from the perspective of Korea Research Institute of Bioscience and Biotechnology (KRIBB), a
government research institution. For COVIEL9, KRIBB was able to zero ion its role and potential as an R&D platform

that could be used to solve social challenges.

Importance of Basic Research in Responding
to Unprecedented Challenges

Science and technology can provide a fundamental
solution to the ongong COVIB19 crisis. However, the
biotech sector faces many challenges before reaching
the final commercialization stage due to the nature of
the industry, such as a long development time and the
unpredictability of outcomes. Such problems
notwithstanding, continuous basic research is the main
reason behind the successful development of the mRNA
platform -based vaccine in less than a year. The success or
failure of the response to an infectious disease depends on
meticulous preparation through mid- to long-term basic
research.

In the Republic ofKorea, the research base, developed
through basic research capabilities, has played an
important role in every major phase of the COVIQ9
crisis. Based on MERS outbreak that took plage 2015
due to lack of rapidresponding systemsthe Republic of
Korea funded to diagnostic devices for early detection
of COVIDB19 cases. Followed by these effortsthe
Republic of Korea was able to quickly produce
diagnostic devices with accumulation of technical
capabilities through continuous basic research. Over the
past seven years, KRIBB and the BioNano Health Guard
Research Center have developed source technologies
and supported related companies through national
projects. In addition, they have deegloped and supplied
COVID19-specific antigens since February 2020, as

Tabl es:
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well as provided support in acquiring export permits

and emergencyuse authorizations for The Republic of

+1 OAAGO AT OEAT AU AEACiT T OOE.
validity evaluation.

Additionally, the country supplement to theNature Index
2020 published in May 20209 commented that the
Republic of+ T OAA EO OOAT OAl Oi E
ETOT A O&EOOO -1 06A0Oo6 A
development of COVIEL9 diagnostic technol@y.
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As a key national strategy for responding to unknown
infectious diseases, one can conclude that continuous
support for basic research that mostly comes with high
risks is required. To achieve this, the Defense Advanced
Research Projects Agency (DARPM)odel of the United
States, which supports research for national security, is a
good model to benchmark. The DARPA model provides
exceptional support for highrisk research progranmes,
and enlists scientists and technologists from a wide
variety of fields. Such actions can be introduced to
develop the nextgeneration infectious disease treatment
platform technology. In addition, as with the newly
implemented enforcement decree of the national R&D act,
Korea recently launched moonshot R&Dprojects with
new attempt of implementing policies such as considering
reasonable failures in the process of research assessment.
For the successful implementation of these policies, a shift
in social perceptiore that innovative basic research is
absolutely necessary is panaount.

Natur e, Boosting South Koreabs



Establishing Industry-academiaresearch
Support Platform for Accelerated Outcomes

Looking back over the past year, the spread of COVID
19 has been faster than any other infectious disease in
recent history, and it has had a significant globampact.
Active cooperation among those engaged in basic
research, preclinical, clinical, and licensing areas is
required until the research results are applied orsite
(e.g., in hospitals). To ensure effective and accelerated
achievement of goals, a onstop R&D platform that
links various innovative actors should be established.

The Republic ofKorea has established a science and
technology-based crisis response system in which
industry, academia, research institutes, and hospitals
work together, with government research institutes at
the center. A total of 13 government research institutes,
including KRIBB, have divided the work according to
AAAE
funded these organizations through supplementary
budgets. In additon, regulators have drastically
shortened the mandatory screening period and
supported patient application by utilizing emergency
use authorization system.

KRIBB is the fourth in the world to develop the primate
infection model, thus establishing the easl system
supporting industry, academia, and other institutions; it
has also supported evaluation of the COVHIDO vaccine
efficacy using primates and hamsters as a result,
preclinical evaluation of 39 excellent candidate
substances was completed, and the vidl A3 O
approved COVIB19 antibody treatment drug called
Regkirona (regdanvimab, also known as GIP59) was
developed. One of the unsatisfactory aspects of these
activities, however, is that the infrastructure support
has not benefited many innovative ators. For example,
only 12% of the preclinical evaluations of primates,
essential for developing effective treatments and
vaccines, was funded by the government despite the
high demand. Therefore, the expansion of higtisk
infectious disease research falities with a vision of
open innovation is essential to prepare for future
pandemics and meet the demand for R&D by various
industry -academia institutions. And another crucial
lesson and proposal after looking back past few months
of responding to COVIBL9 would be the development
of all-purpose technology that can be utilized in
response to variants of new infectious diseases.

61 www.kobic.re.kr/covid19/
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Promoting Research Information Sharing for
More Effective Research

With the COVIDB19 pandemic triggering the digital
transformation of R&D, the importance of sharing
research information has been highlighted for
accelerated outcomes. Recently, biotech big data such as
genomes, metabolites, and clinical data have been
combined with artificial intelligence technologies to
drastically reduce the time and cost of developing
treatments and vaccines. In particular, results of studies
of infectious diseases should be shared among multiple
entities as they have public good characteristics, unlike
other fields.

KRIBB has increased access to gearch information
through one of its research groups, Korea
Bioinformation Center (KOBIC). KOBIC has provided
real-time information (approximately 500,000 cases)

I OCAT EUAQCET 160 A@bAOOon the COVIRLY virus genes and proteins collecteX

from the National Center for Biotechnologynformation

of the United States, European Bioinformatics Institute,
00i OAET $AOA "ATER AT A 771
GISAID database. In addition, it has provided analysis
services for comparative analysis of exome sequence,
lineage, and various mutatns through its websites?

&1 0 OEA CcAiT AOAl bDOAI EAh EO
pw ! O :06 O DBOI OEAA OAEA’
Technology development in response to COWVIL®
began in earnest after the entire genome analysis of the
virus was released a month after the first case was

O Ereported. It is thus evident that increased access to

research information contributed to the rapid
performance. Thus, the future direction of R&D is to
broaden the scope of sharing and cooperation and make
it sustainable. Korea integrates and provides research
AAOA OEOI OCE OEA O. AOGEITA
addition, it has been planned that research data will be
produced and shared according to the Data
Management Plan. As such, sharing research
information needs policy- and sociatlevel support
because it extends beyond a topic of interest for
scientists. In the future, systems such as providing
incentives for information sharing should be
established, and a culture that encourages voluntary
sharing should takeroot.

The COVIB19 pandemic has served as the starting
point for Korea to gain confidence in its scientific and

technological capabilities to overcome the global crisis.
The country shares this experience and capability as a


http://www.kobic.re.kr/covid19/

responsible member of the inteénational community.

KRIBB will expand its cooperation system to other
research institutions to combat the crisis beyond Asia
through international networks established to tackle an
infectious disease, such as the Global Research
Collaboration for Infectious Disease Preparedness
(GloPID-R). In addition, it will actively contribute to the
development of technologies for achieving the UN
Sustainable Development Goals, which extend beyond
infectious diseases and embrace the universal values of
mankind. We arelooking forward to meeting innovative
players around the globe on the way to our future
initiatives.
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COVID19 responses and their implications in the Republic of Korea compared to
Japan, New Zealand, Germany, Sweden, and theU.K.

LEE Hanjinand MOON Aree, National Research FoundatipRepublic of Korea

Abstract

The COVIB19 pandemic has collapsed global value chains (GVCs), exacerbating income disparity among people as well
as countries. This article aims to examine and analyze the various COMI®response strategies and policiesn the
Republic ofKorea and other key countries, including Japan, New Zealand, Germany, Sweden, and the U.K., and explore
the adequacy and distinction of current strategies and policies adopted hihe Republic of Korea thereby outlining
policy implications and measures for the future.

Note: This report is based on"Living in the age of COVIEL9: key countries' responses and their implications" by LEE Hanjin and
MOON Aree in KISTEP Inl, 2021.

Analytical Model monitoring of virus spread and transparent
. - communication with the public.Initially, the Republicof
Different countermeasures and policies to combat the Korea divided the level of contagion into three stages:

spread of the novel COVIEL9 infections have been Level 1 (fewer than.50 new confirmeicaseséa day),

ART DOAA AADATAET C 11  AAKE o ASEDD helh Confirtnct Caked & o) &8 Level 3

systems, status of culture, economy and society. This (100-200 new confirmed cases a day). The Korea
research divides analytical factors into five categories Disease Control and Prevention Agency (KDEGA

under an_analytical model E’e!OVAV’ _based on each j‘%ection management authority, later finalized its five
countOU6 0 ADDOT AAEAO AT A OOOAGAK didins, by adding Level 1.5 and 2.5 as of

Current status by country and key indicators November 7, 2020. The addition reflected a shift in the
nation's policies to brace for a protracted battle against
Benchmark indicator for COVIBL infections the coronavirus, easing theestrictions and expanding
Indicators for the coronavirus infections are what helps social and economic activities (KDCA, November 5,
a nation tackle transmission in timely and suitable 2020). On theother hand, Japafs indicator monitors the
manner as they may be the reflection of its close weekly number of infections per 100,000 people

aiming to contain the level to under 0.5.

Figure 1: COVID19 Analytical Model of Key Countries' COVHD9 Responses

Policy Implications & Post -COVID-19 Response Strategies

R&D Activities and International Cooperation

Benchmark Level of public & Capacity of public Border closures &
indicator for communal healthcare & domestic travel
COVID19 participation medical system restrictions

Overall Approaches or Strategies

SourceThe analytical model is modified from the one used in the paper "Lessons learnt from easing COYfrestrictions: an
analysis of countries and regions in Asia Pacific and Europe," Health Policy, published online on September 24, 2020, at
https://doi.org/10.1016/S0140 -6736(20)32007-9.

69


https://doi.org/10.1016/S0140-6736(20)32007-9

Figure 2: Number of confirmed cases bycountry

550000

440000
330000
220000
: m B
4.1 51 8.1 71 8.1 9.1

1.21 2.1 3.1 10.1 10.15 11.1 11.13

1200

Y by

N

1000 » @

B3

800
500
400

) I
5 - - [ N == -
6.1 7.1

2.21 31 4.1 5.1 8.1 8.26 10.1 10.15 1.1 11.18
2400
2000
g2
1600
1200
800
) I I I I I
ol — . _
223 31 4.10 51 6.1 71 8.1 91 101 10.15 111 11.19
120
100
80
60
40
20
: —_ — H =
3.23 4.5 51 6.7 71 8.1 91 10.1 10.15 111 1.19

70



30000

.=
] |~
25000
@ =
20000
15000
10000
- .
o . [ T Eee— |
3.5 4.1 5.1 6.1 7.4 8.1 9.1 10.4 10.21 1.1 11.19
25000

In
[

20000

15000

10000

5000
[ - -
5.1 6.1

31 4.1 71 8.1 9.1 10.1 10.24 10.30 1.6 11.19

4800
I .
.

4000
Mgl
3200
2400
1600
800
36 41 51 6.1 6.24 8.1 9.1

0
10.1 10.29 11.18

SourceWHO

71



New Zealand opts for the fowlevel alert system: Level
1 (preparation against the spread of the virus), Level
2(response to a highly risky situation of community
transmission), Level 3 (restriction of the nationwide
spread) and Level 4 (lockdown to contain the fast and
continuous spread) PARK Nayeon, 2020). Sweden,
instead of setting nationrwide mandates or restrictions,
encouraged public freedom and autonomous
containment protocols of its districts, and advised its
public to refrain from gatherings of more than 50
people, frequently washirg hands, staying at home
when feeling unwell, and urging distance learning or
attending classes from home (Tove F., 2020). The U.K.
and Germany utilize basic reproduction number (R), the
mean number of new infections caused by a typical
infected individual during a specified period, to
determine their COVID19 alert level. In addition to the
R index, Germany also tracks the number of new
infections per 100,000 inhabitants in seven days
(Emeline H. et al., 2020).

Public and communal participation

The public and the community's level of participation
regarding government mandates andestrictions differ
predominantly between Asia and Europe. South
Koreans and Japanese people actively wear masks,
practice social distancing and selfsolation, and avoid
3Cs (Cleed spaces, Crowded places, Close contacts) to
help tackle the spread of the virus.

New Zealand successfully kept the outbreak in check
with the concept of a "social bubble," becominthe first
country to lift its coronavirus restrictions in June 2020.
The idea was later benchmarked by other countries,
such as Canada, Belgium, Germany, and the U.K.

least one meter aparz faceda backlash due to a social
and cultural aversion, which has restricted theefficacy
of containment protocols. Since March 23, 2020,
Germany mandated to wear masks in public, and
adopted a 1.5meter social distancing rule and selective
measures already in place in Asian countries, emerging
as amodel country among those in Europe.

Sweden has maintained the principle of pursuing the
autonomy of local governments in regulations yet
interfering with the free will of its citizens as little as
possible. Instead of restricting or prohibiting the
DOAI EA6O AEOAAAT I
recommended remote working, seklisolation, and

discouraged gatherings of more than 50 people.
Stockholm's initial response, once concerned by other
countries, has become a subject otvaluation, with
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some experts asserting that its policy was aestament
to democracy in action even during the crisis.

Public healthcare and medical system

The Republic of Koredracks the movement of someone
with COVID 19 and alerts others who may have crossed
paths with the patient by utilizing phone interviews,
hospital records, credit card usage, video surveillance,
and even global positioning system (GPS) history on
individuals' smartphones. Korea's hightech monitoring
system was crucial for flattening the curve swiftly
during the initial outbreak. Yet, some at bme and
abroad have expressed concern that such practices
infringe on the right to personal privacy and democratic
principles.

The capacity of each country's medical system depends
on its standard of tests and treatment and a sufficient
supply and procurenent of medical equipment. This
ranges from intensive care units (ICUs) at hospitals to
regional medical facilities that can provide treatment
and ventilators for patients and protective gears for
front-line workers. The Republic of Koreavith an ample
supply of test kits to conduct mass tests, quickly
introduced various innovative testing means, such as
drive-through and walk-through testing stations,
emerging as a global leader in the field.

Border closures and domestic travel
restrictions

New Zealand, Tawan, Singapore, and Hong Kong which
are the first ones to lift restrictions, successfully
containing the COVIB19 spread (June 8, 2020) by
restricting or denying entry to their borders at the onset
of the global outbreak.The Republic of Koreand Japan
currently require inbound travellers to go through a
mandatory 14-day quarantine period before moving
freely within the country. By comparison, European
nations were reluctant to enforce borderrestrictions or
lockdowns at the start of the globalpandemic. As
infections surged in March and April 2020, the World
Health  Organizations Director-General Tedros
Adhanom Ghebreyesus pinpointed Europe as ttgdobal
pandemic eptcentre, prompting European
governments to rush to close their borders.

Advancesin research and development (R&D)

g neregignal cPoBN YT A

The aforementioned countries are conducting R&D to
enhance their basic knowledge of COVID9, improve
their testing efficiency, anddevelop effective vaccines.
Through its staterun National Research Foundation's



Rapid Response Research (RAPID) progranthe
Republic of Koreais funding relevant one to two-year
studies. It is planning to form a task force to respond and
prepare for viruses and contagious diseases, conducting
studies on "Diseas X," representing aras-yet-unknown
pathogen that could be the cause of a gere global
epidemic in the future (NRF, August 2020).

Tokyo has tasked its stateun Japan Agency for Medical
Research and Development (AMED) to take the lead in
developing efficient testing measures and Kkits
conducting research on pathology and epidemiology
creating vaccines and funding international coopetive
studies as well as taking part in Group of Seven (G7)
meetingsinvolving leaders in the scientific field (April
30, 2020), thereby boosting international cooperation
(AMED, August 11, 2020)The U.K's Medical Research
Council (MRC) is extending resurces and duration of
grants through its "COVID19 Grant Extension
Allocation" endeavor and shifting toward the Revering
and Learning program from its existing Rapid Response
Rolling initiative (MRC, November 10, 2020).

German Research Foundation, also kwn as Deutsche
Forschungsgemeinschaft (DFG), developed its COVID
19 Focus Funding program in August 2020, offering
grants for studies on topics chosen by the Commission
for Pandemic Research(DFG, August 10, 2020)The
Robert Koch Institute (RKI), a Germa federal
government agency and research institute responsible
for disease control and prevention, provided assistance
on public health aspectsto more than 60 countries in
Africa, Asia, Europe, and Latin America (RKI, June
2020).

Meanwhile, according tad 5 .
covibpw 2AAT OAOUG
momentum to the deglobalization in recent years,
adversely affecting international trade. Nevertheless,
the report noted achieving the U.N.'s sustainable
development goals (SD& depends on a global
partnership to recover from the pandemic.

Implications on Future Policy

We have previously outlined the strategies and policy
responses adopted thus far by the Asia Pacific and
European nations, provided research andnalysis on
civic participation and each of the key countries'
healthcare and medical capacity. Through this process,
we can arrive at implications on the policy applied in the
future.

Firstly, the Republic of Korea's initial protocols were
insufficient to handle the alarming spread of COVH9,
resulting in the highest number of patients testing
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positive for the virus outside China, and prompted many
countries to ban or restrict Koreans' entry. However, its
speedy and cooperative actions to manufacture and
distribute test kits and conduct mass testing through
distinctive testing methods mentioned earlier, garnered
global attention, allowing it to expand its role as a global
leader in the future.

Secondly, the pandemic has shed light on cultural
differences between Asian and European countries in
their responses. European expressed a strong aversion
to mandates and restrictionsz wearing masks, sel
isolation and lockdowns, relying on the individual
judgement and the autonomous districts' guidelines to
contain the pandemic, which may appear negligent to
many Asians more accepting the same measures
Europeans, however, may have found it challenging to
understand the methods employed bythe Republic of
Korea and other Asian nations to closely track and
surveil its citizens using the cuttingedge technologies.

Finally, we should note the correlation between the
economy and efforts for coronavirus containment.
Tighter restrictions and protocols accelerated the
economic downturn. In its report on Global Economic
Prospects, the World Bank forecasts a 5.2 percent
average contraction for the global economy in 2020. U.S.
and European economies are expected to post negative
growths of 6.1 percent and 9.1 percent, respectively.
New Zealand, declaring itself from COVHDI, will likely
see its GDP declined by 10 percent. The correlation
AAOx AAT A TAOGET1860 AATTI
containment efforts cannot be easily defined but it is
axiomatic public health and safety should always come
kst

2AOAAOAE 21 AAPYAD &I 0 OEA
OEA CI1 1 AAHowssholuld d sirdtegiZe KoD apdsBAGOXNIR19 era?

Firstly, we should envision a society c@xisting with the
virus. In a postpandemic world, a nonrcontact
community and online daily routines will become the
norm. Secondly,countries around the world should
prepare for a paradigm shift toward a non-contact
society, embracing an era of Digital Transformation.
Thirdly, COVID19 has left the world with tricky issues
OOAE AO ¢i OAOT T AT 6686 DPAT
ET AEOEAOAI 06 OECEO O1 bHOE
advent of totalitarianism and economic recession. All
nations and their citizens need to strive to break free of
totalitarian views and digital surveillance to ensure
humanity's universal value of personal freedom and
democratic order. Only with a balanced perception and
cooperation between the state and individuals can
humankind move forward for a better society.
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Update from ICGEB: SARSCoV-2 surveillance, developing alternative diagnostic tools

and providing technical

expertise

International Centre for Genetic Engineering and Biotechnology (ICGEB)

Note: The views expressed are those of the authors and do not necessarily reflect those of the United Nations or its senior managém

Abstract

The ICGEB actively contribute to transforming basic research findings into practical solutions. Ithe current
pandemic, this has been achieved by performing SAR®\,2 surveillance, developingalternative diagnostic tools
(point-of-care and portable) and providing technical expertis andknow-how that benefit its Member Countries,
particularly those in low resource settings.This paper presents the main projects and the lessons learned from the
basic and translationalresearch. We conclude by sharing our recommendations relevant ftre sciencepolicy-society

interface.

Public-private partnerships to fight the pandemic and

open sciencez empirical facts and issues

4 EAR

been coordinated along three different linesof support:

1. to local health authorities, by supplying diagnostics
and sequencing the circulating virus;

2. to the ICGEB Membership, by providing training,
transfer of expertise, and promoting locatapacities
for facing the COVIBL9 emergency; and

3. to the scientific community, through advanced basic
research and sharing resources impenaccess.

In March 2020, the ICGEB Molecular Virology team,
working in the only Biosafety level 3 (BSL3) laboratory
in the Region, was one of the first to isolate and
sequene the full genome of SARE0\ 2 in Europe. This
allowed (i) a better understanding of the genetic
evolution of the virus in Northern lItaly; (ii) the setup of
molecular and serological assays for SARSV2 that
are essential toidentify infected individuals and those
who have recovered; (iii) further research on antiviral
drugs and vaccines.

Subsequently, the ICGEB launched an online Open
Access Covidl9/SARSCoV2 Resource Platform to

provide tools and ;g{
expertise, free of (Y
charge, to fight SARS C OVI D 1 9 “}f’y
CoV-2 .82 The

platform  provides C G E B
information on RESOURCES

procedures (backed
up by virtual
technical assistance) for the isolation and detection of

62 https://www.icgeb.org/covid19 -resources/
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SarsCoV*2 RNA, andfor the production of essential
OAACAT 06 OEAO AAT AA AAOAI

fesoyreep tgprm includes protocols for diagnostics

and reagents for RTPCR. By providing free access to
reagents that are normally unobtainable without using
commercial kits, the platform haseliminated many of
the financial barriers to the analysis of the virus. The
platform also includes on-line video tutorials from
ICGEB scientists to explain the various methods of
isolating viral RNA,or producing positive control viral
RNA samples, for the development of new diagnostics.

In parallel, the ICGEB has promoted and fordepublic-
public and public-private partnerships to transform
basic research into muchneeded solutions, for the
development of antiviral drugs, diagnostics and
implementation of workplace preventive measures.

When fighting a viral pandemic, the early detdwon of
infected persons is the key to allowing theswift
deployment of necessary measures. Currently, Sars
CoV\£2 infection is mainly diagnosed usingRT-gPCR to
detect the viral RNA from swabs. This is highly efficient
and specific, but is mostlytailored to well supported
health systems and technologies. In low and middie
income countries (LMICs), this approach is often not
possible, owing to the high cost and limited availability
of materials, such as RNA extraction kits, and poor
physical infrastructures. Very recently, new
colorimetric detection methods of detecting SargCow2
have been developed, requiring only basiequipment.
These tests are technically simpler, and cheaper than
setting up a RFgPCR lab. Theylso require neither
highly-specialized pesonnel, nor frequent technical


https://www.icgeb.org/covid19-resources/

maintenance. Therefore,their use could be a game transfer of materials, the training, the identification of
changer in lowresource settings. the laboratories and the scientific network. Financial
support was obtained from the Bill & Melinda Gates
Foundationj " - ' & Q8 4EA DPEI T O DPOI |
is to enhance the capacity of laboratories in LMICs to
respond to SARSoV2 through improved rapid
diagnostics programs. The countries targeted irthis

pilot phase are Cameroon, Ethiopia, Kenya and Nigeria
specifically its northern province of Maiduguri, Borno

To meet LMICs' need for reliable, affordable and
sustainable diagnostic tools, the ICGEB has promoted a
public-private  partnership; whereby a private
company,New England BioLabs (NEB), that produces a
new colorimetric detection method for SarsCow2 has
provided testing materials to selected reference
laboratories in

. State - where a number oflaboratories and scientists
SECSS.SLMQE:R COV D19 were identified and engaged. The diagnostics tools
has been to L 4 ’ present a further advantage, being easily applied to

CGEB&‘ NEW BV AND other infectious diseases and outbreaks.

coordinate the RESOURCES BioLabs

Figure 1 shows the basic scheme of the study conducted parallel in the ICGEB laboratories infrieste and in the
reference laboratories in selected LMICs.

50% positive 50% positive
Sample collection 25% negative Sample collection 25% negative
25% grey zone 25% grey zone

Italy, Ethiopia, Nigena, Kenya

Cameroo/ \
RNA extraction
/ \ Abbott RNA extraction
data recorded in CRF

RT-PCR LAMP LAMP

l !

data recorded in CRF data recorded in CRF data recorded in CRF

31 O0AAg 00T EAAO 0 PluglO A AAA EEICEE 1Cat IOAPSEA 1T AAT OAOT OU AEACT T O

The final results of the poject are expected by the end their plant-derived drug for the treatmentof COVID19.
of March 2021, and preliminary results areextremely This is the first phytopharmaceutical drug approved for
encouraging. There is a growing demand in other a clinicd trial by the Drug Controller General of India
African countries to scaleup our intervention. (DCGI) for COVIEL9, and the Clinical trial is ongoing

A key element in a pandemic response is speed and across 12 centres in India.

flexibility. Through the ICGEB Grant funding Further, a successful publigrivate partnership was
programme a call for Covidl9 related research projects forged with MSC Cruises and Fincantieri, whereby
was launched in April 2020, and selectiorprocedures ICGEB scientists colldb OA O A A xEOQOE &
were completed by August 2020. In partnership with designers in developing an advanced air sanitation
Instituto Italiano Latino Americano (lILA) we were able OAAETT1TcU O3AZA ' EO6h OI
to support a total of9 research projects on Covidl9 in cruise ships. The ICGEB provides scientific support to
low resource settings, and which were able to businesses, in developing innovative technological
commence by October 2020. In these project, teams of solutions for the ongoing control of emerging virus
scientists are supported working on problems infections; particularly relevant in the current global
specifically relevant to their own geographical health and consequent economic crisis. This new air
locations. sanitation system is based on UXC lamp technology

The ICGEB also daborates closely with Sun within the air conditioning system. Thus, the airflow

OEAOI AAAOOEAAI )1 ADOOOEAG WIEPR irpdiateq at gource with fype £ ylitravipletaayss ¢
largestAl A )1 AEAGO O D DEAOI ARAOOEAAI Ai i DAI UR Of OAOO
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to destroy and prevent circulation of biological air
pollutants, such as viruses, bacteria and moulds.

Policy recommendation

The lessons learnt by ICGEB from implementing these
projects suggest some importah elements for policy
recommendation:

1.

It is critical to adapt emerging technology to local
settings, by working closely with Governmentsaand
scientists in defining local needs, priorities and
limitations. ICGEB's actions in fighting thepread of
the virus have been conducted, on multiple fronts
(detection, treatment, immunisation, prevention),
and in multiple settings (including low-resource,
geographicallyremote locationswith scarce health
infrastructure). To fight effectively against the virus
entails structural adjustments and adapting the STI
tools to the local needs. Therefore, the added value
of ICGEB'gesearch and novel STI applications are
best highlighted in tailoring technologies to fit low
resource settings and in meeting the needs oits
Member Countries. This includes the use of
affordable, portable and easily interpretable, yet
reliable, testing tools. Particularly relevant is the
removal of barriers to research, by circumventing
the need for commercial kits, and fosteringopen-
source tools and protocols. These projects have
directly tackled SDG9.5 by enhancingscientific
research and upgrading technologies, with a focus
on developing countries.

Diversifying the applications of STI in the fight
against COVIBL9: for example, enhancinghe use of
affordable COVIDBproof air-sanitation systems as
preventative measures in essential locations
(schools; retirement homes; hospitals, etc.), can
prevent disruptions of essential social and
economic activities (schooling; food production;
energy supply). In this context, scalingup local
production and local use of health technologies to
combat COVIB19 (SDG9.5) are critical;and also
ensure the equitable access to essential
technologies (SDG10).

Committed to realizing SDG 17, the ICGEB actively

promotes public-private partnerships to make its
activities inclusive, sustainable, deliverable;
promoting access to science, technology and
innovation to all its Member Countries, and beyond.
Such collaborations bring synergies andlirectly
support researdh and development where it is most
needed. The ICGEB is also proactiwe South-South
cooperation, whereby the LMICs actively develop
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and exchange knowledge andassist each other,
rather than being perceived solely as beneficiaries.
Access to STI solutionsand scientific capacity

building are pressing issues, particularly in LMICs,
which are less prepared in terms of infrastructure,
human capital and expertise. An inclusive and
coordinated approach to strengthening LMICSs'
capacities to respond to COVH19 and to increase

their access to lifesaving health technologies,
especially research, treatment and testing
AAPDAAEI EOEAON
focuses on providing open science andniversal
access to all its resources, adding newlgcquired

expertise in reaktime, as well as focusing on
scientific capacity-building and direct technical
assistance. Due to the current travetestrictions,

ICGEB has developed eline video-based training
programmes for ICGEBtechnologies, to ensure
continuity with its training and capacity-building

activities, including thetechnologies for biosimilars'
production and related bio-analytical services.
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Update from CANEUS, FILAC and OOSA: Lessons frol8OVID-19 and adapting frontier
technologies with indigenous knowledge

Milind Pimprikar , CanadaEurope-USAsia-Africa Organization on Emerging Space and Miciidanotechnologies for

Scacietal Applications(CANEU$ Myrna Cunninghamand Gabriel Muyuy Fund for the Development of Indigenous

Peoples of Latin America and the Caribbear[LAQ; Simonetta Di Pippo, Shirish Ravan, Luc-8ierre, and Markus
Woltran, UN Office for Outer Space Afirs (OOSA)

Abstract

With the challenges of accelerated technological inequalities amongst Indigenous Peoples, there is an urgent need to
bridge the gap with these imbalances, including language barriers and gender inclusion with the frontier STI community.

Emerging technologes-based tools and solutions which include spacbased data and artificial intelligence can play a
major role in providing transformative pathways to meet the socieeconomic and environmental challenges. However,

to reap the potential of these emerging aocepts and accelerate their infusion into societal applications, a coordinated
ApbpOT AAE ET OACOAOET ¢ OOAEAETIT AROS6O AT i Pl EI AT OAOU Aii b
This sciencepolicy brief presents empirical evidence acquired from series of global collabatigie efforts representing
Indigenous communities and key actors in the field of EO & ICT, which were launched, and undertaken during the
COVID19 pandemic, to create a platform to identify the challenges and opportunities to develop and implement
culturally relevant spacebased tools enabling its widespread impact on climate change and youth empowerment.

Introduction

CANEUS, FILAC, and UNOOSA are working together to
help the Indigenous communities bridge the gap with
technological equalities, specifically handsn training,
and capacity development wusing emerging EO
technologies.

&), ' # OEA 111U
organization with Permanent Observer representation
at the United Nations, is empowered to develop
solutions to current challenges to serve the needs of
Global Indigenous communities. CANEUS, Permanent
Observer Member of the United Nations Commige on
the Peaceful Uses of Outer Space, is mandated to
develop emerging EO technologiebased solutions to
serve societal needs through  Publi®rivate
partnerships. The United Nations Office for Outer Space
Affairs (UNOOSA) focuses on inclusiveness as an
underlying factor in sustainable development while
bringing benefits of space to humanity.

#1 . %53 AT A 5.7/ 3!
Resilience Frontiers Indigenous initiative which
brought together 100 emerging technology leaders
through Songdo brainstorming conference in April

2019. CANEUS, FILAC and UNOOSA also contributed the

5. 3AAOAOAOU ' AT AOAI GO

63 http://www.iipfcc.org/blog/2019/11/3/world

yT AECATT OO

Summit held at UNNY on Sept 2122, 20193 It was
Al 11T xAR AU A OEAA AdiBde6t O
%AOOE [/ A OCRAaOUNACPAE PO2GGN High Level
Political Forum).

AEAOA A&EAEI 000 AOOOEAO OOAA

-Bavell H AR T G AG Glor tie) UN Gylstem prepared by the UN InterAgency

30pbPT OO "O1 6P jHY!13'q 11T HI
2020, which recommended that the UN system engage
with Indigenous Peoples and promotes their
participation through traditional knowledge with
science experts.

Rationale

This input to the IATT report highlights the lessons
learned during the Covid19 pandemic with reference to
the use of emerging E@ased ®lutions which are

relevant to indigenous communities that are vulnerable
due to climate extremes.

A~ A

perspective of their Indigenous science and knowledge,
possibly through their own institutional and
organizational mechanisms. Therefore, the global STI

community need to involve Indigenous knowledge in
#1 Ei AGA 1 AOET I

-indigenous-peoplespresent-climate-action-commitments-at-unsg-climate-action-summit

64 http://www.caneus.org/unhipf2020
https://caneus.org/Report_ UN_HLPF_2020_Side_Event.pdf
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the process, at the same time, Indigenous Peoples need
to adapt emerging frontier technologies.

There is a need to examine and identify challenges and
barriers for Indigenous communities to implement
workable and replicable emerging technologybased
solutions. For example, spatial and temporal nature of
the spacebased information provides a better
understanding of the scenario and influence the
decision-making process to help research, policies, and
programmes.

Thus, this input also offers IATT an opportunity to

update progress on Article #15 of the WSIS Declaration
of The World Summit on the Information Society,

OOEDPOI ACET ¢ OEAO 0) formafids A
Society, particular attention must be given to the special
situation of indigenous peoples, as well as to the
DOAOGAOOAOQET 1
Objectives

To reduce the sense that frontier technologies have
been overlooking Indigenous peoples as active
DAOOEAEDPAT 60 ET AOOAETEITC
recipients. Specifically, with the emergence of the
global data revolution and associated new technologies

are a doubleedged sword for indigenous peoples.

To convert the regional collaborative effort using the
lessons learned during Covidl9 pandemic, as scalable
and replicable worldwide, aimed to address the
technological inequalities amongst Indigenous Peoples,
techno-cultural complexities, and the role of emerging
EO and Al based tools and solutions that have high
relevance to complement Indigenous knowledge for
economic, social, and environmental dimensions of
sustainable development.

Implementation
The activities were implemented in phased approach.

A. The initiative was launched as a side event at UN
HLPF 2020 by mobilizing stakeholders and

partnerships to offer sustainable innovations, and

access to technologies to address the issues of

inequalities relating to technological imbalance,
language barrier and genderrclusion.

T )0 AIlECT AA xEOE EOO OEA
for Indigenous Peoples 2030 agendas using EO
AAOAA Oi 1 OOEI T 068

1 20 experts and 454 participants representing
Indigenous communities and space technology
sectors shared methodologies, experienceqnd
lessons learned that can support key areas of
land/ocean/seas.

1 The crossdisciplinarity input also offered
insight on broader issues, e.g., technology gaps

AOT 1 Qfdthé danddmfEs, ikhBvAtion)cHallenges, need

(@}
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B.

for empowerment of youth, and Indigenous
capacity development in_decisignmaking, andA c
1 It specifically helped to identify focused
activities, e.g., pilot projects, training programs
as well as challenges covering climate change,
food security, amongst others, which are being

Bufslied BrldugILACCAREUS Adar 2021- 1 A
2025 cooperation agreement supported by
UNOOSA.
ylT OEA OAATT A PEAOAR A CI
AAEET Ao xAO AAOGECT AA AT A
FILAC, CANEUS and CNES, ESA.

1 The challenge was to design a soluth using one
or a combination of satellitebased technology
to mitigate the near and longterm impacts on
food production of COVIB19 pandemic on
indigenous communities.

1 70 Participants representing young Indigenous
students and entrepreneurs from 21 coutries
responded to the global challenge and four
teams devising innovative solutions.

1 The winning team has been offered an
opportunity to present at the UN Food Systems
Summit in Sept 2021.




C. Now, during the ongoing phases, CANEUS, FILAC

knowledge systems and mutual learning from

and UNOOSA are working to create a capacity each other.

building platform to address the accelerated c. The importance of existing tribal and
OAAET T 11T CEAAI ET ANOAdn& OEAO  mdigeribus dta Aghv@rhancd protocols and
AAEET Ao OOET ¢ %/ AAOAA OT 11 Qrockdurds. OT 1 OOET T O AT A
Ecog/stem-based Disaster Risk Reduction (Eeo d. The importance for developing the tools to
DRR) that has high relevance to complement the support the local language needs, and

knowledge of Indigenous communities,
1 AOAOACET ¢ OAOAOAI
11106 ATA O3DPAAA %ATTTI
1 A recent study by the three organizations for
Gobal Assessment Report (GAR) 2022
reviewed potential of emerging EO in providing
simplistic and operational tools for the systemic
risk analysis to complement the Indigenous
Knowledge covering naturebased solutions.

It analyzed relevant international frameworks
and instruments in the context of role of
indigenous communities and the role of
emerging EO based tools and solutions in
building disaster resilience.

The study also underlined the gaps and practical
barriers that impact the exchange between
Indigenous and local community knowledge
holders, and emerging EO based tools and
solutions developers and providers.

It recommended that EO community needs to
develop the perspective to integrate emerging
EObased information products and knowledge
of indigenous community.

by

Challenges

Challenges for integrating emerging technologies and
Indigenous knowledge for the implementation of SDGs
at National and local levels include:

a. The issue of linking emerging technologypased
tools with Indigenous knowledge and effective
ways to balance such practices.

AEA EAU OOOET AEDI AGo
Peoples, e.g., importance of respect for different

xEOE OEA OOA

3PDAA

Uo E%’he knowledge possessed by Indigenous commupiis
valuable and can be further complemented by emerging
technology-based solutions that focus on ecosystem and
environment with great relevance to needs and
knowledge of the indigenous communities. It also
underlines the gaps and practical barriers thaimpact
the exchange between Indigenous and local community
knowledge holders, and emerging technologypased
tools and solutions developers and providers. The
technological inequalities appear growing especially
due to Covid19 pandemic and it would be chaénging
01 T AARO OEA ET AEAAOI OO0 AAE

AEAT T AT CAO

Results and Key Policy Recommendations

The results from the completed and ongoing activities
offer following key measurable impacts by contributing
to bridge the technological and gender inequalities.

1. Empowering
countries
solutions.
Focused programs through Indigenous
Intercultural University to address the accelerated
technological inequalities.

4EA O1 AAGBA ARIEET A6 AEAIIT A
term impact on sustainable food systems as well
empowerment of youth.

Formulation of dedicated multiyear program for
integrating EO and Indigenous Knowledge for

_ .. accelerating SDG implementation, . .. _ .
OFFI C xFOF YIAFCATIT 606

The key messages include:

Indigenous communities from 21
with  emerging technologybased

% |
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(a) the knowledge possessed by Indigeous community
is valuable and must be documented or archived by
employing frontier technologies to collect,
assimilate and reproduce it before it disappears due
to the developmental pressures coupled with risks

(c) the results underline the gaps and barriers
impacting technological inequalities which appear
growing especially due to Coviel9 pandemic and
the challenges to meet the 2030 targets

(d) the need to establish mechanisms that protect the

collective property rights of indigenous peoples,
which are used without their authorization,
especially the cultural heritage related to their
textiles.

posed due to climate change,

(b) the knowledgepossessed by Indigenous community
should be complemented to emerging technologies
based solution for SDG implementation, and

References

Report of Indigenous Peopleded Use of Earth Observations, sidevent at United Nations High Level Political Forum, July 9th, 2020,
https://bit.ly/Report -UN-HLPF2020, https://bit.ly/30Ga3AW

71 OEOET ® 11 3PAAA 4AAETT1ITGU A O 3TAEIAAITITEA " Al AmsdOh
APDDPlI EAAQETI T O AT A OPAAA APl 1 OAGEI 16 ETETOI U 1T OCAT E ®doh DA U
USA in 2019https://www.unoosa.org/oosa/oosadoc/data/documents/2019/aac.105/aac.1051218_0.html

Report and CANEUS patrticipation in the IndigenouResilience Frontiers held at SongdoRepublic of Korea, &12 April 2019,
http://www.resilience frontiers.org/2019/09/02/100 -visionary-thinkers-envision-a-climate-resilient-world -at-a-disruptive -
brainstorming-conference/ , http://www.resiliencefrontiers.org/2019/10/15/values -of-indigenous-peoples-can-be-a-key-
componentof-climate-resilience-resilience-frontiers -dialogue/

Report and CANEUS Presentation at UN COPUOS STSC Feb2@®O OE | 1
conditions for Indigenous Populations using

https://www.unoosa.org/documents/pdf/copu os/stsc/2020/tech -48E.pdf
UNOOSA/FILAC/CANEUS ActinSpace Challenge 20Zfitps://www.filac.or g/wp/comunicacion/filac -informa/competencia-

actinspacehackathon-con-enfoque-en-comunidadesindigenas-no-dejar-a-nadie-atras/ ,
https:// www.ifad.int/documents/38714174/42286970/ipw_programme.pdf/5fbddb7b -f4c8-7ff2-c894-e80667cadlfe

ot ]

AAQADO

6EATT Ah
observation

EAT A EIT

earth

81


https://bit.ly/Report-UN-HLPF-2020
https://bit.ly/30Ga3AW
https://www.unoosa.org/oosa/oosadoc/data/documents/2019/aac.105/aac.1051218_0.html
http://www.resiliencefrontiers.org/2019/09/02/100-visionary-thinkers-envision-a-climate-resilient-world-at-a-disruptive-brainstorming-conference/
http://www.resiliencefrontiers.org/2019/09/02/100-visionary-thinkers-envision-a-climate-resilient-world-at-a-disruptive-brainstorming-conference/
http://www.resiliencefrontiers.org/2019/10/15/values-of-indigenous-peoples-can-be-a-key-component-of-climate-resilience-resilience-frontiers-dialogue/
http://www.resiliencefrontiers.org/2019/10/15/values-of-indigenous-peoples-can-be-a-key-component-of-climate-resilience-resilience-frontiers-dialogue/
https://www.unoosa.org/documents/pdf/copuos/stsc/2020/tech-48E.pdf
https://www.filac.org/wp/comunicacion/filac-informa/competencia-actinspace-hackathon-con-enfoque-en-comunidades-indigenas-no-dejar-a-nadie-atras/
https://www.filac.org/wp/comunicacion/filac-informa/competencia-actinspace-hackathon-con-enfoque-en-comunidades-indigenas-no-dejar-a-nadie-atras/
https://www.ifad.int/documents/38714174/42286970/ipw_programme.pdf/5fbddb7b-f4c8-7ff2-c894-e80667cad1fe

V. Emerging science and frontier technoloqgies for the SDGs

This chapter puts forward a number of issues that
require attention of policy makers. It reflects on
achievements and failures of emerging science and
frontier technologies during the COVIBL9 pandemic It
features perspectives of individual TFM stakeholders,
including the 10-Member Group, IATT members, and
other external contributors, and summarizes them.It
provides a space for bringing together individual and
organizational inputs, findings and recommendations
on emerging science and frontier technologs for the
SDGs

Following an overview of the contributions (Section
I11.A), six different types of contributions are presented:
policy briefs on the big picture of science and
technology policy issues (Section IV.B); on
digitalisation, artificial intelligence an robotics (Section
IV.O; on big earth data, satellites and remote sensing
(IV.D); on environmentally compatible frontier
technologies (V.B); as well asspecific solutions and
updates on country experiences and activitieglV.P);
and findings and recommendations of selected UN
flagship publications(IV.G.

A. Overview

Seven sciencepolicy briefs presented here
take abig picture view of science and
technology policy issues.

Rasmus Lemaf the University of Aalborg, Xiaolan Fuof
the University of Oxford) and Roberta Rabellottiof the
University of Pavia describe a pofound techno
economic paradigm transition which is under way
towards a greener dgobal economy Thisopensup new
opportunities for latecomer development egecially
emerging economiesThe authors recommend policies
that are sensitive to the technological specificities of the
different green sectors. They highlight alternative
development pathways and ch for countries to take
active measures to enhance their technological
capabilities and build open national and sectoral
innovation systems through trade and investment
policies and internationalization of R&D The findings
open upfresh perspectives also for other sectors, such
as public health and digital infrastructure which are
critical for building an inclusive society.

Tommaso Ciarliand several colleagues aUNU-MERIT,
the University of Sussex Business Schaqdthe University
of Lisbon, the University of Leiden, and University
College Londonreport on the misalignment between
countriesGresearch priorities and the SDGs andnake
policy suggestions accordingly. They suggest tinders,
donors and international organizations should seek
steering research priorities towards SDG challenges
that are also rekvant to developing countries.

Mathieu Denis, David Kaplan, Katsia Paulavets, Anda
Popovici and AnneSophie Stevancef the International
Science Councitall for transforming science systems to
more effectively respond to 21st century global
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challenges They note that the pandemichashighlighted
deficiencies in the capacity of science systems to
respond to new priorities in a timely manner while
limiting the disruption to ongoing research. They put
forward several recommendations aimed at
governments, science funders and research institutions
including to strengthen the directionality of scienceand
change its practice; to enhane communication of
scientific knowledge, public understanding and trust in
science; ando improv e sciencepolicy interfaces.

William Kelly of the World Federation of Engineering
Organizations the American Society of Civil Engineers
and the Scientific and Technologcal Community Major
Group highlights the important role of engineering
standards to protect public health, safety and the
environment for the SDGsz a fact both policy makers
and engineering community need to beaware of He
calls on the UN to take stepsto protect the existing
investments into the built environment under a
changing climate He also suggest the UN endorse the
WFEO Model Code of Practice on Principles of Climate
Change Adptation for Engineers and encourage WFEO
to maintain and update the Code as appropriate.

Tom Wakeford and Neth Danmf the ETC Groupnsist
emerging frontier technology must adhere to Rio
Principles for SDGs to work They report on two
experiments - gene drive mosquitoes in Burkina Faso
(reducing malarial vectorg, and a geoengineering
experiment in Sweden (aerosol spraying in the
stratosphere). Both were promoted to advance the
SDGs but in view of the auhors put fundamental
principles of sustainable development on the line, thus
ultimately threatening the achievement of the SDGs.



Jonathan Tsuen Yip Wong and Tengfei Waiog ESCAP
propose olicy approaches to direct frontier
technologies- such as Al, robotics, 3D printing, anthe
Internet of Things - towards inclusive and sustainable
development in Asia and the PacificThey propose that
despite uncettainties over the scale and pace of the
frontier technological transition, governments should
put in place policies to beprepared.

Kibae Kim of the Korea Policy Center for the Fourth
Industrial Revolution the new governance around data
suggess principles for inclusive governance He notes
the complexities of re-balandng human dignity with
AET AT AEAI AAT AEEOON
fundamental rights in the new economy. He
recommendsensuringfair data, transparent algorithms,
and trustworthy architecture.

Seven sciencepolicy briefs ondigitalization,
Al and robotics

Kevin Mallinger, Alexander Schatten, Gerald Sendera,
Markus Klemen, and A Min Tjoaat SBA Research
Austria, explore the potential threats of yuman digital
twinsofor digital sovereignty and theSDGsThese twins
are the aggregation of hunan related data that is
supposed to represent its real counterpart in the virtual
world . They note the manifold business opportunities
on the handand adverse sustainabilityimpacts on the
other and all for a new regulatory contextfor ethical
digitalization.

Olivier Combeand Chantal Line Carpentierof UNCTAD
and Tanya Smithof Blockchain Infrastructure Research
discuss @ntral bank digital currenciesas thenext step
in the evolution after bitcoin and stéble mins. They
suggestcentral bank digital currenciesto be regulated
to be inclusive, secure, private, accessible and
interoperable.

A team of roboticsexperts around Dominik Boeslof the
Hochschule der Bayerischen Wirtschafin Germanyand
several colleagues in Hungary, Canada India and
Belgium call for harnessingrobotics to Guutomatizedthe
SDGs.They map the impacts z both positive and
negativez of robotics on the achievement of the various
dimensions of the SDGsThe call on the U to provide
specific targets for robotics and make several specific
suggestiors for international robotics institutions.

Taro Arikawa, lkuo Sugiyama, Yoshikazu Nakajima,
Hideaki Koizumi and Taikan Okiof the STI 2050
Committee of the Engineering Academy of Japamake
suggestions br the future of urban design in particular
proposing multi-Al network city clusters and explore a
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roadmap to its implementation. The idea is to create a
human-centered city; ensure human security and welt
being; and to develop a system to autonomously
manage an entire city with the cooperation of humans
and Al by connecting diverse data between urban
clusters.

A team around JanMartin Bauer and several
colleagues atthe World Food Programmereports on
their experiences in supporting governments and
communities with artificial intelligence and machine
learning systems to improve disaster assessmentin
Mozambique and Lebanon. It outlines the lessons

OE A OA Adarned 1fOrE 1 @eparedddsA 1 efforls A Esiict O s

prepositioning equipment and training, and the need for
more robust data protocols, governance and
collaboration to maximize thetechnologybenefits.

A team atWageningen Universityin the Netherlands
shows how virtual reality tools can strengthen natural
disaster preparedness, response and recoveryby
bridging the gap between knowledge and actionlt
presentsa number of policy reconmendationsbased on
scenarioanalysis.

Edward Lorenzof Aalborg Business Schodh Denmark
and Erika KraemerMbula of the University of
Johannesburgn South Africareport on lessons learned
from a survey onadoption of new digital technologies in
micro and small enterprises in South Africa The results
show thattheseenterprises do alopt new technologies
which can have a positive impact on their capacity to
develop and implement new products, services and
processes.They alsoreport empirical results on key
constraints related to financing, training and skills.

Three sciencepolicy briefs on bigEarth data,
satellites andremote sensing

Ryuichi Maruyama and Michiharu Nakamura of the
Japan Science and Technology Agendgntify advanced
sensing as core technologyn all areas of the SDGs
providing many examples. They discuss latest
developments in ®nsing technologies in terms of
enhancemens in terms of modality, performance,
usability and functions. They provide an overview of
advanced sensingpplications in international projects
promoted by Japamse institutions. They identify
challenges and recommend promotion of
interdisciplinary research, darification of rules for open
use of cataand data platforms, expandinginternational
partnerships, and raising cyber-security literacy and
awareness of data ethics associated with advanced
measurement



Huadong Guoof the International Research Center of
Big Data for Sustainable Development Goala China
highlights the value of Big Earthdata and suggests
conducive policiesto leave noone behind in terms of

data policy (data quality and standards at scale),

infrastructure , and nternational platforms for scientific

cooperation. He suggests that for the SDGs to be
successful, traditional barriers between institutions,
countries and sectors that blockthe sharing of data,
information, and knowledgewould need tobe removed.
Big Earth Datacan helpintegrating multi-source data
and information for sustainable development.

The UN Office for Outer Space Affairexplores the
drivers behind megaconstellations - a new rapidly
emerging technology- and explore their impacts They
conclude that megaconstellations could amplify
existing space benefits and tap new markets, especially
in Earth observation and broadband but that they also
come with challenges to the safety, security, and
sustainability of the space environment.

Ten sciencepolicy briefs on environmentally
compatible frontier technologies

JoshuaPearceof the Michigan Tech Open Sustainability
Technology Lab describes how open hardware has
enabled distributed recycling and  additive
manufacturing (DRAM), where postconsumer waste
can be recycled in the home or community into valuable
products for less than 1% of commercial costand far
superior environmental performance. Millions of free
and open source hardware desigsare now available to
small business andcconsumers themselves.DRAM could
greatly reduce the costs of reaching the SDGsby
enabling people to make what they need in their
communities from abundant waste materials.

Richard A Roehrl of the UN Department of Economic
and Social Affairsprovides and analyss of thedriving
forces of lising energy demanl for Internet applications
and artificial intelligence, including entirely new
services, funamental limits to digital technology
efficiencies ard much lower energ efficiendes of Al
systems compared to human brains. He concludes that
the most likely overall result will be accelerated,
increased energy demand for the Internet and Al in the
coming decades, unless sufficiency consideratiorand
massive investments in enduse efficiencies
fundamentally change the current direction.

Nicholas Harrisonof the Carnegie Climate Governance
initiative describes new technologies that are being
explored to artificially cool the planet through solar
radiation  modification  which  faces  multiple
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uncertainties and knowledge gaps with potentially
serious implications for delivery of the SDGsHe
provides an overview of the state ofresearch and
development, implications for the SDGs and the need to
strengthen governanceand ideasfor possible pathways
for closing knowledge and governance gaps in future.

A team atWageningen Universityin the Netherlands
reviews biomimicry to tackle air pollution in urban
areas They conclude that itis a costeffective solution
which can be appliedin developed and developing
countries alike. Theyalso suggestpotential pathways to
make biomimicry more mainstream in education,
investment and policymaking.

Another team at Wageningen Universityreviewed the
use ofrobotics for monitoring marine ecog/stems.The
approachcanmake monitoring capacity more effective,
efficient, and safebut there is a need forsupport and
accessibility, including from governments and
international bodies. They also highlight the importaice
of data transparency and interdisciplinary, multi-
stakeholder collaboration.

Son Bum Sukof the Green Technology Centein the
Republic of Koregpresents a1 energy-prosumersvision
in which consumers of electricity also become
producers and sellers of distributed, renewable
electricity. He presents the technologies needed and
discusses the SDG impacts.

Yet another team at Wageningen University explored
pathways for 5G techndogy in irrigation to make it
more effective, efficient, and sustainablelt suggests
that barriers related to data and network governance,
inclusive access and societal adoption need to be
addressed and that close collaboration between the
public and private sectoris needed

A team at theState University of New Yorkjn the USA
assessdst pyrolysisand conclude that itis a sustainable
and clean method of energy production which has been
made more accessible and efficient through ablative
technologies and improved catalytic upgrading.
Ablative pyrolysis reactors can convertplant material
into bio-oils and biochar which can be used within the
community for farming, cooking, or fuel, orsold for a
profit. The use of mobile ablative pyrolysis units @uld
provide further economic and social empowerment to
low-income communities andwomen.However, further
research is needed toreduce large initial financial
investment needs

Siddhant Bansal and Erin Morriof the State University
of New Yorkidentify saltwater greenhousesas solutions
for regions affected by food and water insecurity by



allowing them to grow food using seawater/brackish
water and sunlight. They describe benefits of and
barriers toimplementation of these systems

A team atVan Lang Universityin Viet Namreviews the
role of new themical technolodes needed for the future
of plastic recycling It concludes that such technologies
will be essential for achieving a itcular economy. Using
a case study oHo Chi Minh City the team emphasize
the role of governments including for connecting
relevant industries in the plastic supply chain.
Separating solid waste at source will still be a goal for
developing societies since it helps recover plastic better
in both quality and quantity.

Four contributions reporting on specific
solutions and updates on country eperiences

The Flemish Institute for Technological Research
(VITO) in Belgium provide two case stidies of practical
integrated technological solutions for the SDGs
Anaerobic Digestion by Combining Organic waste and
Sewage (ANDICQpand CQ capture (from postponed,
cyclic to negative emissions. They detail superior
technical characteristics and SDG benefits.

Thomas Basikoloof ITU provides an update on th& Al
and Machine Learning in 5G Challengkle also explains
why artificial intelligence, machine learning and
supporting standardsare soimportant for 5G and future
networks.

Xiaolan Fuand Elvis Korku Avenyoof the University of
Oxford, Pervez Ghaurof the University of Birmingham,
and Xiaogiang Xingof the University of International
Business & Economicgn China present an update on
(he Inclusive Digital Modeb project which carries out
research into a new business model that seeks to enable
marginalized people in developing countries to
generate income and empower themselves by sharing
their skills and experiences using a digital platform.
They draw lessons from thed + O A Ediyial piafiorm

in China and the O( A A QA digjtah Al&f6rm in
Bangladesh

An overview of findings and recommendations
of related UN flagshippublicationstogether
with an external discussant perspectve

The findings and recommendations on the impacts of
new and emerging technologies were compared and
contrasted for several UN reports, including UNIDO's
Industrial Development Report 202Q ILO's World
Employment and Social Outlook 2021 UNCTAD's
Technology Innovation Report 2021 ITU/UNESC@
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Broadband Commission for Sustainable Development's
State of Broadband Report 2020 and ESCWA's Big Data
for Good: Can Big Data lllustrate the Challenges Facing
Syrian Refugees in Lebanarmhere is broad agreement
among these reports that frontier technologies are
creating deep economic, social and environmental
impacts which could be long lasting and could
disadvantage those communities, workers, firms,
sectors and countries that do not have the
infrastructure, skills and access to the technologies
needed to be able to benefit from them. They also agree
that the global community can, and should, take actions
to moderate the negative impacts



B. The big picture - science and technology p olicy issues

Latecomer Development in The Global Green Economy

Rasmus LemdUniversity of Aalborg); Xiaolan Fu (University of Oxford) Roberta Rabellotti (University of Pavia)

Abstract

A worldwide and profound techno-economic paradigm transition is currently under way: this is the restructuring
towards a greener global economy, which has important implications for latecomer development. More so than earlier,

transition is driven AU AAI EAAOAOA AEAT GCAO ET DIl E
I D1 OO0 Olgudédadchnibah dhade@idd markeOde\Eeibgment influence the conditions

xET Al xO 1 £

Ppi i EAAON

for economic development. In this research we dw on insights from China, exploring how opportunities emerge and
vary in different renewable energy sectors. We highlight the important role emerging economies may attain in the green

transformation itself and distill implications for policy.

Until recently, the idea of green growth was limited to
advanced economies while developing countries were
reluctant to take up the challenge of sustainability. But
today the dichotomy between green transformation and
latecomer develpment has been turned on its head.
4EA OAI AAT Ob 1 AOAOGSE 11 AAI
strategy, which offers alternative ways to bypass the
high pollution models of growth. Countries such as
China, India, Brazil and South Africa are not only
reacting to the paradigm change but also actively
contributing to the green transformation, adopting
environmental policies and supporting the emergence
of domestic sustainability-oriented industries.

There is increasing recognition that policies aimed at
meeting environmental targets may be opening new
economic development paths. The green
transformation and the related techneeconomic
paradigm changes across institutional, market and
technological domains, are opening windows of
opportunity for the emerging ecanomies to achieve
leadership in new sustainabilityrelated industries. In a
recent article (Lema et al, 2020) highlight the
importance of institutional transformations in the
creation of new opportunities for economic structural
changes associated with the green economy. Green
Windows of Opportunity (GWO) represent a set of
favorable, temporary conditions for longrun latecomer
catchrup in sectors central to the green economyyhich
are markedly different from the windows of
opportunity occurring in traditional sectors, mainly
dealing with private, rather with public goods.

This article is based on quantitative and qualitative
empirical evidence, collected in 8 B AAEAI

Windows of Opportunity: Latecomer Development in

the Age of Transformation Towards Sustainabilit§on
various green energy sectors biomass, hydro, solar
photovoltaic (PV),concentrated solar power (CSP) and
wind - and on one emerging economy, China, which is
Eavind\ dyiidly GowardsBidadeSHpAin Aevleral gréed A E
technologies.

The research is guided by three highevel questions: (1)
Is the green transformation opening new lateamer
development opportunities? (2) What are the
conditions and dynamics of green latecomer
development? (3) Do we need a new conceptual
framework to understand the determinants of changes
in green industry leadership?

We believe there is a need for a newvamework for two
main reasons. First, it is essential to deviate from the
environmentally unfriendly pathways paved by the
advanced economies of North America and Western
Europe. This makes catchingip frameworks and
strategies, rooted in borrowed technobgies and
imitation, obsolete. Emerging economies should from
OEA 1 OOOGA0O OAAOGATI T P AEUEEA(
along established pathways (Altenburg, 2021). Second,
the green transformation, as a significant driver of
current capitalist development, tas features that sets it
apart from earlier paradigm changes. It is the first
economic revolution which has a deadline, and it is
steered explicitly by public policy, not only driven by
economic utility functions but also by social value.

Green Windows ofOpportunity

The analytical framework is summarized in Figure 1,

3 A A OEWith at @ cetd Bréen Windows of Opportunity driven
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by institution -cum-policy changes rather than by
modifications in technologies or markets. The evidence
provided by our case studies showshat institutional
changes are the central drivers of GWOs, which are
favorable but time-bound conditions for latecomer
development. Examples of GWOs in China include both
cross-cutting changes such as the implementation of the
2006 Renewable Energy Law rd sector-focused
missions such as the Golden Sun Demonstration
Programs implemented in the solar PV sector. While the
root-causes of window emergence are essentially
institutional and policy-driven in nature, they influence
and interact with technological and market
transformations. For example, missiororiented
policies in the solar industry resulted in induced
technological change through the guidance of research
and development activities as well as in significant
demand creation through incentive changs, demand
subsidies and public procurement.

Figure 1: The analytical framework: green windows of

opportunity and catchup trajectories
6 WIN EN
OF OPPORTUNITIES
CATCH m
TRAJECTORIES
« Technological catch up

= Institutional window
* Technal nJmal win dﬂ\
* Market windows
GREEN
« Global market catch up

TRANSFORMATIONS

—

= New policy priarities

« Technological changes
* New markets

SECTORAL SYSTEMS

AND AGENCY

« Sectoral features,
capabilities and strategies

= Preconditions

= Actars

* Responses

Firms and other sectoral system actors

The transformation of GWOs into upgrading and
international competitiveness is not given or automatic
and there is significant variability in catchup
trajectories at the sectoral level. The extent and nature
of the actions of firms and other public and private
actors in the sectoral system determine whether and
how potential opportunities are translated into reality.
Furthermore, technological maturity and tradability of
green technologies also significantly affect sectoral
trajectories. Catchingup is easier in technologically
mature sectors characterized by tradale knowledge
and standardized products, rather than in sectors with
short technology cycles.
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At firm level, the initial response is to acquire the basic
production capabilities available globally to exploit
GWOs. In mature sectors, it is relatively eagp acquire
world -class technologies and market success depends
on capital investments and organizational capabilities.
For example, after the introduction of the 2006
Renewable Energy Law in China entrepreneurial
activity in the biomass and wind sectors wa enabled by
the licensing of core technologies and production plant
designs mainly from European firms (Dai et al., 2020;
Hansen & Hansen, 2020).

But the different cases also show that for technological
capabilities upgrading and deepening it is requireda
change of gear in relation to several components in the
sectoral environment. For example, in the hydro energy
industry, the increasing role of public R&D is evident in
the repositioning of Chinese universities from the
periphery to the core in patent citation networks,
occurred in the last ten years, which, in turn, has led to
OEA OCOAATETCd 1T &£ OGEA OAAOD
and efficiency of generators (Landini et al, 2020; Zhou
et al., 2020). Sectoral innovation systems have also
been reinforced by more intense interactions among
lead firms, suppliers, technology providers and financial
institutions. For instance, in solar PV, this type of
responsiveness within the domestic sectoral system
was key to the technological development of the seat
after the contraction in the global market (Binz et al.,
2020).

Conversely, in still evolving technologies, such as wind,
the inability of the system to progress from technology
absorption and domestic deployment to technological
leadership in the global market results in domestic
firms failing to achieve market leadeship. Hain et al.
(2020) propose the idea of a market trap where
latecomers remain in a follower position and catckup is
aborted. It remains to be seen whether Chinese firms
can leverage complementary capabilities in adjacent
sectors to integrate advancedoftware capabilities and

i AEA ET Ol AAGOCKIAEORAA OBRIEDD |
(Dai et al., 2020).

The above discussion indicates that to allow
exploitation of GWOs, the sectoral innovation system
must be dynamic and adapt continuously to different
sectar specificiies and changing market and
technological opportunities. Also, policies need to be
tailored to the particular stage of catchup and take
account of sectoral specificities.



Green latecomer catckup trajectories

Catch up refers to successful atnment of leadership
by latecomer firms which shifts the balance of economic
power between incumbents and latecomersMarket
catchrup refers to the acquisition of increasing national
and international market shares. In renewable energy
sectors, this can b quantified as the share of energy
generation capacity (in megawatts) sold in the domestic
and global market. Technological catckup,
distinguishing between new-to-the-country technology
and world class technology is defined as the
strengthening of techrological capabilities relative to
competitors and it can be measured with quantitative
information (e.g., patent numbers and quality) or
NOAI EOAQEC

knowledge frontier in a given sector. Discriminating
between the market and technology dimensions it is
bl OOEAI A Ol
sectors, depicted in Figure 2.

Figure 2: Latecomer catclup in five green sectors in China

GLOBAL MARKET

DOMESTIC MARKET

NEW-TO-COUNTRY TECHNOLOGY WORLD-CLASS TECHNOLOGY

From domestic imitation to global leadershighis is the
path followed by the hydropower and biomass sectors,
which progressed from new-to-the-country to world -
class technology.

Learning from exporting, over domestic strengthening, to
global leadership:this is the trajectory of solar PV,
starting from initial export of new-to-the-country
technologies introduced in China by returnee
entrepreneurs, to a focus on domestic market and
technological upgrading, and finally to achievement of
world -class technolog, reinterring the global market
(Binz et al., 2020).
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World-class technology with limited global market
progression:this applies to CSP, which, after upgrading
to world-class technology, experienced little further
market development (Gosens et al., 2020).

Domestic imitation with limited global progressiorthis
pertains to wind upgrading to newto-the-country
technology in the domestic market, facingonstrains in
further development (Dai et al., 2020).

Policy implications

We have shown how the mounting techn@conomic
paradigm shift towards a more environmentally
sustainable economy has opened GWOs for latecomer
development in key green energy industries in China.

| /£ FOUEpblicydniplicaiionA aredpArbculadly impdramt. C1 1

1. There are important opportunities for latecomer

mies .engagin ,
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need to deliberately bring together otherW|se
distinct, policy domains. Environmental and energy
policies are critical for the emergence of GWOs,
based on their domestic deployment and market
creation effects. At the same time, industrial and
innovation policies are also important to promote
firm and system level capabilities to respond to
opportunities. There is a needto consciously ce
design policies across these domains for dynamic
synergies to arise.

2. Policies need to be sensitive to the technological
specificities of the different green sectors. There are
different roles to be played by governments and
innovation system actors depending on factors such
as the maturity of technology and capital
intensiveness. Different designs are needed along
key policy dimensions such as R&D investments,
global knowledge acquisition, national promotion of
diffusion between enterprises and infant industry
support.

3. GWOs can be exploited by both developed and
developing economies. Countries that take active
measures to enhance their technological
capabilities and build open national and sectoral
innovation systems through trade and inestment
policies and internationalization of R&D, may
achieve faster catchup and, even, leadership. The
emergence of latecomer countries in the green
economy has an internationally beneficial effect by
reducing the price of energy transition technologies
and enabling more appropriate technologies. This
facilitates mobilization of finance and technology



for more affordable green energy systems in the
global South.

Our findings open up fresh perspectives also for
other sectors, such as public health and digl
infrastructure, critical for building an inclusive
society. In a closely interconnected and globalized
world, there is a collective interest in enhancing
international  technological and  productive
capability in vaccines and medicines and in digital
infrastructure. Policy coordination and the efforts of
the global community in ensuring equal access and
responsible provision of global public goods, could
AOAAOQA OCI T Addl  winddwsA lof AT
I DBbT OOOT EOUG 8 4 EA CiTAA
facilitate and support changes of leadership in these
sectors through engagement, collaboration and
regulation-based supervision to ensure equal access
to high quality, economically affordable and
technologically appropriate products and services.
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Abstract

Most scientific research is concentrated in a few higincome countries and tends to focus on challenges that are not
relevant to SDG challenges in lowncome countries. Such unequal distribution of research efforts may be of little
support to the SDGs. We show that countries' research priorities do not always align with th&DG challenges, which
may hinder their capabilities to address them. Funders, donors and international organisations should seek to steer

research priorities, including by consulting with a wider range of stakeholders and improving the assessment of

researA E 8 O
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An uneven distribution of science and innovation
may not support the SDGs

It is well known that most academic research is
produced in highrincome countries'. These are also the
countries that rank highest in relation to the SDG targets
(if we exclude SDGs 12 and 13).

Figure 1 maps the number of publications per capita
across countries between 2001 and 2019 (top panel)
and their SDG Index 2020 (bottom panel)The figure
illustrates that most research is published in countries
that face the smallest SDG challenges. Not surprisingly,
the correlation between research output per capita and
A AT O1 OOUBO AAEI EOU OI
Al).

What is the likelihood that such a large amount of
research published in a few higkincome countries,
which nurture emerging technologies, will addresses
the SDGs challenges of lowancome countries? If they
do, what is the likelihood that this research aligns with
their national and local SDG and research prities3? In
the longer term, to what extent can reliance on foreign
research contribute to building research capabilities in
low-income countries, which may allow them to
prioritise national and local SDGs prioritie$:8?

Science and technology can contribute to addressing
(and creating) societal challenges like those set out in
the SDGS$ but scientific efforts are unevenly distributed
with respect to the societal challenges they seek to
address and they engendepf. While it is likely that
different challenges need a different amount and type of
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researd, it is not obvious why the challenges of those
most in need tend to be the least prioritised in research
funding11z13,

In the context of the Global Gds, these least prioritised
challenges are likely to coincide with the SDG targets.
Examples include: healthz where research efforts do
not prioritise diseases that are more common in low
income countriesi415; agriculture z where research
specialisation is only partially aligned with country
priorities 16; and the global production process that
focuses on the consumption patterns of the wealthiest
rather than on global social needS. Such imbalances

( .byotheEe(Son -|cdr%%51}§/€g 1&of
private companies, they are alSo observed in publicly
funded research?, despite the differing mission of
public funders.

i &

It has been argued that inequalities are an obstacle to
achieving SDG®:20, Such inequalities in resarch
prioritisation may reproduce those inequalities?1z23,
making it even harder to address the SDGs. The
observed concentration of research in few countries
and organizations is a challenge to reduce such
inequalities, as lowincome countries may need to rely

IT mEOT AAOGO AT A AT1T1T008 7
agendas.

One possible way, perhaps ovesimplistic, to break this
OEAEI OO0 AUAI Ah AT A EIi POT O/
contributions to the SDGs, is to bettemlign research
priorities to national and local SDG challengé$2s.



Figure 1: Publications and the SDG Index
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countries). Bottom panel: SDG Index 2020.
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their SDG challenges? queries to search publ_icqtions in.4013 research areas
_ _ that are generated by citation relations between all WoS

In the STRINGS (Steering Resear(jhﬂal’ld}\|n’|:'|O\Va’.t|0n ’fo_r ‘pub|jcatign§2z_ |‘n this way we reduce the limitations of
Global Goals)project, we analysedA T OT OOEAOS8  Qdbiading GrAsEspecific set of keywords, and include
priorities in relation to SDGs since the launch of the UN  scientific publications that contribute to SDGrelated
2030 Agenda (20152019), and whether this research even when not using SDG specific language.
prioritis ation aligns with their greatest SDG challenges. , i

o T o A e ~_To measure_the salience of SDGs across countries, we_
417 T AAOOOA AT O OOEAOS OAOAARIA RN RdeE be SIG h&? cdmbine® b frgdt |

SDGs we use a relative specialisation index (Balassa)  indicators from the UN SDG databasand the SDSN SDG

computed using publication data from the Web of Index. For each indicator we compute the distance with
Science (WoS). Using the Balassa index, a coynts respect to countries that are closer to meeting the SDG
considered to prioritise research related to a given SDG target. We then computed a countnSDG index
if their research portfolio includes more publications normalised between -1 and 1 using principal
related to this SDG than the world average. component analysis. A value closer to 1 indicates that
To assign scientific publications to a specific SDG, we the country is facing a relatively higher challenge with
first built a query with a set of terms strongly associated respect to the SDG.

with the SDG based on searches and textining Figure 2 and Figure 3 provide two different examples,
techniques on a wide array of policy reports, grey from India and Ethiopia. figure 2 panel (a) plots the
literature, scientific publications, web forums and main challenges in India between 2012017, in
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relation to other countries. These are SDG 2 (zero
hunger), SDG 5 (gender equality), SDG 6 (clean water
and sanitation), SDG 9 (industry, infrastructure and
innovation), SDG 11 (suinable cities), SDG 14 (life
below water) and SDG 15 (life on land). Figure 2 panel
(b) plots the areas in which Indian researchers are
specialised, in relation to other countries: SDG 6 (clean
water and sanitation), SDG 7 (affordable and clean
energy) and SDG 12 (responsible consumption and
production). At a country level, since 2015, India seems
to be focussing on building research capabilities only
related to one major challenge, SDG 6.

Figure 3 plots the main challenges (a) and research
priorities (b ) for Ethiopia. In this case, results suggest
that the country is building research capabilities in all

its main SDG challenges, with the exception of SDG 7
(affordable and clean energy).

We tested the relation between research prigties
(2015-2019) and SDG challenges (2008017) across
all countries, for all SDGs. Table 1 reports the pairwise
correlation, suggesting that countries facing a major
challenge in relation to SDGs 1 (no poverty), 2 (zero
hunger), 3 (good health and wetbeing), and 6 (clean
water and sanitation), tend to prioritise research on
those SDGs. This is, for example, the case for research in
agriculture (SDG2) and health (SDG3), where
historically low-income countries tend to focus their
research efforts, in colaboration with foreign funders
(Figures 2A and 3A).

Figure 2: Alignment of research & SDG challenges (India)

SDGs Score (Challenges) in India - 2010-2017
18 Peace justice institutions 2 Zero hunger

15 Life on land 3 Health well-being

14 Life below water 5 Gender equality

13 Climate action 6 Clean water sanitation

12 Responsible consumption 7 Affordable clean energy

11 Sustainable cities 8 Decent work growth

9 Industry infrastructure
innovation
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SDGs Research Specialisation in India - 2015-2019

1 No poverty
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16 Peace justice institutions 05 3 Health well-being
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14 Life below water 5 Gender equality

13 Climate action 6 Clean water sanitation

12 Responsible consumption 7 Affordable clean energy

11 Sustainable cities
10 Reduced inequalities

8 Decent work growth
9 Industry infrastructure
innovation
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Figure 3: Alignment of research & SDG challenges (Ethiopia)

SDGs Score (Challenges) in Ethiopia - 2010-2017

1 No poverty
1.0

15 Life on land 2 Zero hunger

13 Climate action 3 Health well-being

12 Responsible consumption 4 Quality education

11 Sustainable cities 5 Gender equality

10 Reduced inequalities 6 Clean water sanitation

9 Industry infrastructure

bnovation 7 Affordable clean energy

8 Decent work growth
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SDGs Research Specialisation in Ethiopia - 2015-2019
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Table 1: Pairwise correlation of SDG challend@608-2017) versus SDG research priorities (202819) in all SDGs
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ResearchspecialisationSDG1

ResearchspecialisationSDG2 [0.49/ 0.60 0.28 -0.01 0.43 0.67 -0.04 0.07

ResearchspecialisationSDG3 [0.52 0.64 0.36 -0.05 0.46 0.61 -0.22 0.08

ResearchspecialisationSDG4 [0.36 0.57 0.30/-0.27 0.31 0.57 -0.12 -0.08

ResearchspecialisationSDG5 |-0.24 -0.06 -0.09 -0.33 -0.20 0.22 0.30 -0.33

ResearchspecialisationSDG6 |0.56 0.70 0.42 -0.08 0.48|0.64 -0.26 0.08

ResearchspecialisationSDG7 |0.69 0.74 0.56 0.12 0.66 0.60 -0.29 0.28

ResearchspecialisationSDG8 |-0.49 -0.54 -0.27 0.10 -0.37 -0.47 0.20 -0.09

ResearchspecialisationSDG9 |0.35 0.55 0.04 -0.02 0.24 0.59 -0.12 0.06

ResearchspecialisationSDG10 [0.40 0.55 0.28 0.20 0.31 0.47 -0.15 0.12

ResearchspecialisationSDG11 | 0.32 0.46 0.29 -0.22 0.28 0.52 -0.08 -0.07

ResearchspecialisationSDG12 |-0.50 -0.61 -0.34 0.13 -0.42 -0.51 0.21 -0.06

ResearchspecialisationSDG13 [-0.39 -0.60 -0.26 0.18 -0.30 -0.51 0.23 0.02

ResearchspecialisationSDG14 [0.02 0.14 -0.20 -0.13 -0.10 0.37 0.14 -0.16

ResearchspecialisationSDG15 [-0.10 -0.02 -0.20 -0.25 -0.07 0.14 0.12 -0.34

ResearchspecialisationSDG16 [0.29 0.45 0.02 -0.19 0.07 0.48 -0.11 -0.12

However, for all other SDGs, the correlation is either
zero or negative. This suggests that countries facing
challenges in relation to, for example, education, gender
equality, access to energy, responsible consumption and
production, and climate action, @ not prioritise
research that addresses those challenges. This is, for
example, the case of SDGs 12 and 13, where highome
countries, which are also the major polluters, do not
prioritise research to address these challenges (Figures
4A and 5A).

Policy recommendations

Research on emerging technologies opens great
opportunities and challenges. How can we steer
research priorities so that both opportunities and
challenges prioritise global, national and local SDG
priorities across low-income countries?

There are several factors that explain why research
prioritisation is less aligned with the societal challenges
of the people who are most in need.

R&D priorities emerge as the outcome of the interaction
of several, competing and related actoes,
technologies?, sociceconomic conditions:32, politics33
and science communitie&t.
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SDGs are also a complex system, coihsted by a large
set of targets that relate in positive and negative
ways3s:36, This is at odds with research, which instead
advances mainly through specialisatio#v.3s,

Research and SDG priorities are both global and k¢

and they differ at multiple levels. Different stakeholders,

policy makers, users, citizens and scientists hold
different views on which research and SDG targets to
prioritise, in which area, and how?4%, Those actors

differ substantially in their power to influence research

funding4142 and different societal groups are unequally

(or not at all) represented in research funding decision

making4344, Path dependency also provides a strong
advantage to incumbent technologies and research
trajectories4546,

Research evaluation tend to focus on a narrow
understanding of reserch excellence and productivity
(DORA, rather than on its impacts on societieg48
partly because due to the above coplexities these are
not straightforward to assess.

Here, the STRINGSeport will provide evidence and
policies to orient research and innovation towards the
SDGs, across different contexts.
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The above factors sugge a number of opportunities for
funders, donors and international organisations to steer
research towards the SDGs.

Prioritisation needs to reflect the views of different
communities across different contexts, especially those
that may benefit from or sufer the negative
consequences of research and innovation. For instance,
in STRINGS we are running a large Delphi survey across
contexts and stakeholders, to capture the breadth of
views on what research and innovation areas may
contribute to SDGs in thedture. Such exercises could be
done in a systematic way at different levels.

Research funders may need to prioritise open and
transdisciplinary research to maximise impact on the
SDGs Arza and Colonna, 202)) which also requires a
different system of incentives for researchers and
research evaluatiort®. This should also improve our
understanding of the synergies and tradeoffs between

different research trajectories.

Funding may need to consider the role of research in
generating capabilities for local actors to address
challenges, and how it relates to existing, often not well
mapped knowledge®®, rather than focusing exclusively
on the cure to the challenges Ghataway and Ciarli,
2020).

Policy needs to facilitate plural perspedves and
pathwayss! in steering research towards the SDGs. It
should recognise and nurture the multiple ways in
which different perspectives characterise the SDGs and
what research is closely related to them, in positive and
negative ways Rafols, 2020, and which direction
should be prioritised. Rigorous, transparent and more
democratic global, national and local dialogue between
different interest groups and stakeholders is central to
aligning research priorities with challenges Arora and

Stirling, 2021).

All the above suggests that policymakers do not have an
easy task toimprove how research is prioritised to
better contribute to the SDGs. But complexity is a
feature of both the research and the SDGs systems, and
should be taken on board, better understood, and
leveraged, rather than oversimplified2. O4 EA 1 E1
between knowledge and actionis not automatic, and
needs to be cultivated, supported and steered to where
it is most needed. Science can inform policy, but policies
can (and should) direct science towards the greater
P ATA 11 OA AM®ADAN Cii1 Ad
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Annex additional figures

Figure 1A: Relation between publication and the SDG index
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Figure 2A: Relation between the severity of the challenges and research specialisation (SDG2)
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Figure 3A:Relation between the severity of the challenges and research specialisation (SDG3)
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Figure 4A: Relation between the severity of the challenges and research specialisation (SDG12)

SDG12: Responsible Consumption and Production
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Figure 5A: Relation between the severity of the challenges and resespehialisation (SDG13)
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Transforming science systems to effectively respond to 21

st century global challenges

Mathieu Denis, David Kaplan, Katsia Paulavets, Anda Popowied Anne-Sophie Stevance (Iternational Science
Council)

Abstract

Scientific communities worldwide are actively responding to COMEDand its consequences. However, the pandemic also
revealed deficiencies in the scientific research environment related to the capacity of science systems to respond to n
priorit ies in a timely manner, while limiting the disruption to ongoing research. Perennial issues of persistent inequalitie:
in science and limitations of the current system of publication and pesmriew were also brought to the fore. We must
transform sciencesystems teenhance their capacity to address 2tentury challenges. Ais report puts forward a set of
recommendations aimed at governments, science funders and research institutions, across four areas: strengthening t
directionality of science;changing the practice of scienceenhancing communication of scientific knowledge, public
understanding and trust in science; and improving sciefaicy interfaces at all levels of governance.

The COVIB19 pandemic has put science undethe
spotlight and has stimulated strong public interest in
and enthusiasm for science (The Lancet 2020).
Scientific communities have been mobilized by
governments worldwide to generate insights on a wide
range of issueg from advances in epidemiology, cfiical
care, identifying treatments and developing vaccines to
investigating underlying causes of the pandemic and its
socic-economic impactsz and to shaping response
strategies that would take account of the
multidimensional nature of the crisis. However,the
pandemic has also amplified and brought to the surface
deficiencies in the scientific research environment.
These include the lack of a system of recognizing and
rewarding the contributions made by researchers to
addressing an urgent crisis; persistet inequalities in
science, with female scientists and scientists with young
children being the most impacted (Myers et al., 2020);
limitations of scientific publishing and the current peer
review system which constitute an obstacle for the wide
and acceleated dissemination of knowledge, and
deficiencies in the communication of scientific
knowledge, which contributes to limited public
understanding and trust in science. There is currently
very little emphasis on the communication of scientific
findings and effective communication receives little
recognition in the research evaluation system
(Rovenskaya E. et al. 2021).

Addressing these limitations to the science system will
be essential to enhance its functioning in general, and
particularly at times of future crises. Science systems
need to be strengthened to be able to generate the
knowledge necessary to support and steer
transformational changes towards a sustainable and
equitable world. This involves enhancing the capacity of
science to contribute to builing resilience to future
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shocks. Addressing disasters effectively requires a
much stronger emphasis on addressing the underlying
root causes of risks that are the result of within socio
economic development systems. As captured in the
Sendai Framework for Disaster Risk Reduction, the
CiiAAl ACOAAI AT O O OOAAOA
AAOT 60 OEA ciiTAAoh OAEAT AA
resilience by identifying the key drivers of risk and their
implications for risk management; by informing
prevention and mitigation strategies; by supporting the
development and implementation of appropriate
preparedness and effective response to disasterdy
generating the knowledge necessary to understand the
interconnected nature of risk in an evesriskier world
which has seen an increase in the frequency and
magnitude of extreme weather and climate events in the
past years; these events and slownset processes
linked to environmental degradation threatento erode
the social and environmental foundations indspensable
to the prosperity, development and welbeing of
humanity.

The COVIBD19 pandemic is a timely reminder of how
hazards within the complex and changing global risk
landscape can affect lives, livelihoods and health. It
provides a compelling case foan all hazards approach
to achieve risk reduction as a basis for sustainable
development. The broad range of hazards of relevance
to risk reduction and resilience building, and the
increasingly interconnected, cascading and complex
nature of natural and human-induced hazards,
including their potential impact on health, social,
economic, financial, political and other systems, are all
interlinked in the discussions on sustainable
development and climate change adaptation.

The broad range and complex natureof hazards
requires a systematic approach and standardized



characterization of hazardsfor countries to be able to
assess and accordingly enhance their risk reduction
policies and operational risk management practices. To
address this major gap, the ISCnd the United Nations
Office for Disaster Risk Reduction launched thBendai
Hazard Definition and Classification Review Technical
Reportaimed at identifying the full scope of all hazards
relevant to the Sendai Framework and the scientific
definitions of these hazards.

In addition, as extreme events such as floods, droughts
are on the rise as a result of climate change and disasters
such & the COVIBL9 pandemic have the potential to
reverse development trends, there is an urgency to
better understand how risks are interlinked by bringing
together knowledge from across the natural and social
sciences, as well as practice. In particular, Het
metrics, models and tools are needed to understand the
cascades of extreme events and vulnerabilities as the
domino effects of these complex dynamics are currently
not well addressed in SDG strategies (Reichstein M. et
al., 2021). Global efforts withinthe scientific and policy
communities need to be much more robust to the
changing and interconnected nature of risk in a
warming world.

417 AAAOAOO O1T AAudoO
accelerate transformations, multifaceted and integrated
approaches acoss disciplines are needed Aldrich,
2014; Ledford, 2015). In addition, to be more impactful
and usable in policy, the scientific community must
better connect and work with governments, practice
communities and other stakeholders (Wowk K. 2017).
Science gstems must advance and reward
collaborative, open, diverse, inclusive approaches.
Scientific research also needs to go beyond producing
knowledge about the state of the world and associated
challenges to generating knowledge and identifying
solutions to tEA  xT Ol A6O AECCAOO
needs to increasingly become a driver of change.

We identify a series of specific actions to increase the
ability of science systems to better respond to
sustainability challenges and foster transformations
toward a sustainable and resilient future for al

Strengthening the directionality of science though
mission-oriented research and strategic cooperation

Solving contemporary global challenges requires
strengthening the directionality of scientific enterprise

to achieve wider social and policy goals. The SDGs,
adopted by 193 countries, offer a sharedompass for
concrete action, which can be turned into concrete,
measurable, and achievable missions for science

100

(Mazzucato M. 2018). In addition, building future
OAOGEIT EAT AA HO OMI T80 BAG0 b EORAC
challenge requiring a more specific fogs through
mission-oriented research and strategic cooperation.

The global landscape of actors in research and other
domains working on the SDGs is crowded and
fragmented, undermining the effectiveness of the
different efforts and threatening the attainmert of the
SDGs. Amore coordinated and strategic approach to
scientific research and science funding is required to
ensure that different efforts, very often situated at
national level, are connected and coordinated to
contribute collectively and effectively to specific global
goals. Global multilateral scientific cooperation is
urgently needed, at scale and in a timeous manner.

To accelerate the impact of science, enhanced
collaboration between national science funders,
foundations, the private sector anddonors is crucial.
The COVIB19 pandemic has demonstrated that such
collaboration is critically needed and, more importantly,
has demonstrated important instances of enhanced
collaboration. To ensure coordination, science funders
needto overcome divergentagendas and interests and
better combine their efforts in working towards

practices on the part of science funders will be required.
This should include open sharing of data, funding calls,
research asessments and policies. Funding models for
international research collaboration that employ the
same funding procedures for all research partners,
rather than multiple national funding arrangements,
would facilitate and accelerate research on SDGs
globally.

Increase transdisciplinary research and advance open
science

ATheaprassind angl epmplexs glabal, susitainability issues
require interdisciplinary and transdisciplinary research
approaches to better understand their multiple
underlying drivers, interdependendes and complexities
(Mauser W. et al. 2013). While transdisciplinary
research offers great opportunities for bringing holistic
and innovative thinking, novelmethods are needed to
help reduce associated costs and ensure effectiveness
and satisfaction with co-design and ceproduction.

Addressing risks and building resilience also require
scientific knowledge that draws from and involves the
intersection of many disciplines. All countries should
develop the capacity to produce, access and effectively
use scentific information in relation to relevant risks
(Rovenskaya E. et al. 2021)nternational collaboration


https://council.science/wp-content/uploads/2020/06/UNDRR_Hazard-Report_DIGITAL.pdf
https://council.science/wp-content/uploads/2020/06/UNDRR_Hazard-Report_DIGITAL.pdf
https://council.science/wp-content/uploads/2020/06/UNDRR_Hazard-Report_DIGITAL.pdf

is an essential complement to local research capacities,
particularly where local capacities are very limited.
COVID19 has shown us that even whenauntries have
very limited scientific capacities, they can leverage
global knowledge and policies to good effect. Linkages
and networking are thus vital components of an
effective response to crisis.

Open Science is crucial to increase the capacity of
science to understand and tackle complex and urgent
issues, while a widespread dissemination of existing
and emerging scientific knowledge and breakthrough
tools, approaches and solutions is key to fullgevealing
their transformational potential (S&T Major Group
2019). Member States, research institutions and science
funders should work together to remove the barriers to
published scientific knowledge and data and enable
open access to published researchThis is notably
crucial for developing countries characterized by
insufficient scientific and research capacity and limited
access to highguality, timely and reliable data, which
can affectthe ability of low-income countries to realize
sustainable devebpment, and scientific progress in
general (Messerli P. et al. 2019)

Enhancing communication of scientific knowledge,
public understanding and trust in science

Communication of science should become a critical
component of the scientific endeavour, andad this end,
scientists should be trained and incentivized.
Communications to a broader audience could take
different forms and be done through different means,
for instance the utilization of visual and interactive tools
OET O1 A AA
partnership with the Australian Academy of Science,
Global Science TV6 a concrete example in this regard,
aiming to share scientific expertise directly from
experts themselves, whileeducating, entertaining and
informing viewers on major issues of scientific
relevance. In addition, the rapid increase ofscience
distrust and misinformation during the pandemic,
reveals the need for scientists to play a more active role
in combating mis and disinformation, in countering
false claims and to defend the importance and integrity
of science more rigorously. Individual scientists, but
more particularly, science organizations must engage in
urgent discussions on how to prevent the spread, andt
combat mis and disinformation, while respecting
freedom of expression.

Better engagement of scientific communities with
citizens in deliberative societal dialogues about the
production and use of new knowledge could contribute
to enhancing understandingof and trust in science. This
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could also be achieved through improving scientific

literacy, which could become an integral component of

science instruction in school, and should not only be

focused on scientific facts, concepts and methods, but
also on hav science functions Rovenskaya E. et al.

2021).

Improving sciencepolicy
regional and global levels

The COVIB19 crisis brought to the fore the challenging
but essential relationship between science, policy and
society, highlighting some major shortcomings in how
science has been used, instrumentalized, misused or
ignored in the face of this novel threat. There is a need
for improvement, including in advanced countries
equipped with highly capable and institutionalized
science advisry ecosystems (Colglazier 2020; Roehrl
2020).

Improvements  should involve institutionalizing
sciencepolicy interfaces and building robust science
policy institutions at national levels, as policy advice
always needs to be contexspecific. In addition,
international scientific cooperation amongst
institutions operating at the sciencepolicy interface is
crucial. This can facilitate evidence sharing and the
emergence of a scientific consensus to be
communicated to and used by decisionand policy
makers. This is particularly critical for anticipating
future global challenges and emerging threats, thereby
allowing policy makers to take preemptive action
(Rovenskaya E. et al. 2021).

interfaces at national,

ving, the #etfe,tiveness and quality of scientific
e whil egp nding its breadth requires the
engagement in science advisory ecosystems of a diverse
range of scientists coming from various scientific
disciplines. In addition, increased transparency of
scienceadvice mechanisms is critical to public trust and
legitimacy which, in turn, will make policy
implementation far more effective. This includes the
need for scientists to be open about the limitations of
their knowledge and level of scientific confidence in the
policies they recommend. Another essential aspect in
scienee advice is how evidence is communicated and
formulated to policy makers, and in this regard,
knowledge brokers as well as science communicators
have an essential role to play and should be given
sufficient attention.


https://council.science/globalsciencetv/

Engineering Standards for a Changing Climate

William E. Kelly(Scientific and Technological Community Major GroypVorld Federation of Engineering
Organizations American Society of Civil Engineels

Introduction

There are many different ways that science and
engineering contribute to policy and governance and
one way is by producing and maintaining good technical
standards and advocating for their use. Technical
standards are used broadly to protect public health,
safety and the environment. Engineering standards are
technical standards used in design of engineered
systems.

In 2013, the United Nations established the United
Nations Forum on Sustainability Standards (UNFSSa
joint initiative of FAA, ITC, UNCTAD, UN Environment,
and UNIDQ2 |n 2018, the United Nations Economic
Commission for Europe (UNECE) eorganizedwith the
International Organization for Standardization (ISO) a
conference on the use of voluntary consensus standards
in meeting the United Nations Sustainable Development
Goals (SDGs) as a side event to the 41st meeting of ISO
in Genevd? The confererce explored through case
histories how standards can be applied to: SDG 6 Clean
water and sanitation; SDG 7 Affordable and clean
energy; SDG 11 Sustainable cities and communities; and
SDG 13 Climate action.

There are many good introductory resources on
standardization and many of them are available online.
Standards are developed by national, regional and
international standards developing organizations and

by businesses and other organizations for their own use.
Standards are also developed by consortiaf businesses

to address specific marketplace or industry needs, and
by governments to support regulation. Standards are
public goods and as such are an important contribution
of professional societies and other organizations.

The International Electrotechnical Commission (IEC)
defines an international standard as:

following strict rules. Technical standards deal with
technical systems or the technical aspect of systems and
standards more generally with products and processes.

Voluntary consensus standards are just that voluntary.
Voluntary standards become mandatory when they are
incorporated into business contracts or government
regulations. The ISO IEC documentUsing and
referencing 1SO and IEC standards to support public
policy provides details for policy makers on how to
reference ISO and IEC standards.

Sandards development

The American Society of Civil Engineers (ASCE)
develops standards used globally in the
engineering/construction sector. ASCE is developing a
standard for design of sustainable and resilient
infrastructure that is expected to be available in 202%)

Accredited standards developing organizations (SDOS)
like ASCE have strict rules that must be followed in
developing standards. ASCE is an American National
Standards Institute (ANSI) accredited standards
developer and follows ANSI's essential requiremestin
developing its standardg®!

Organizations developing international standards must
comply with The World Trade Organizations (WTO)
Committee on Technical Barriers to Trade (TBT)
principles for standards development. The WTO
principles are: transpaency; openness; impartiality
and consensus; effectiveness and relevance; coherence,
and development dimension.

Standards in governance

Standards are incorporated into building codes by
reference. Building codes are an important tool for
improving both building sustainability and resilience as

8 A ATAOGIATO OEAO EAO ANAUPS CRSHWIRRPIOERON AT P \":98‘?&'8?%" safety.

the consensus of experts from many countries and
is approved and published by a globally
recognized body. It comprises rules, guidelines,
processesor characteristics that allow users to
achieve the same outcome time and time ag&in.

No distinction has been made so far between standards
in general, consensus standards and technical
standards. Consensus standards are developed
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he advantage to ‘governments "in using voluntary
consensus standards is they take advantage of the
engineering expertise in standards committees -
expertise that may not be available in government.

One way that governments at all levels drive sustainable
development is through their procurement practices.
For the UN, sustainable procurement means taking
societal and environmental factors into consideration



along with financial. Common sustainability goals of
procurement are to reduce material use and carbon
emissions. This can be done are by using sustainable
vendors and by requiring vendors to meet minimum
standards for recycled content and for decarbonis&bn

in goods and services. 1SO hasguidance standard for
sustainable procurement(]

According to the United Nations Office of Project
Services (UNOPS) infrastructure affects 92% of the
Sustainable Development Goals (SDGs). For UNOPS,
there are two types of infrastructure networked and
non-networked. Buildings fall into the norntnetworked
category and systems for transportation, energy, water
and sanitation, and communications into the networked
category. In contrast to buildings, there are no codes for
networked infrastructure design and construction.
Instead there are design manuals developed at all levels
from local to national that reference standards and
specifications.

Impact of climate change

An important question today is do currentstandards in
the engineering/construction sector - buildings and
infrastructure - adequately address the changing
climate? ASCE has officially recognized the potential for
climate change to affect engineering practice for more
than 30 years and recently pdated its policy on the
impact of climate changes! The issue as stated in the
ASCE policy is that

Current engineering design standards, codes,
regulations and associated laws that govern
infrastructure are generally not structured to
allow design adapation to address climate
change.

In 2011, ASCE established a Committee on Adaptation
to a Changing Climat& In 2015, the committee
published a report on adapting infrastructure and civil
engineering practice to a changing climatgé? In the
same year, the World Federation of Engineering
Organizations (WFEO) adopted a Model Code of
Practice on Principles of Climate Change Adaptation for
Engineersitll  Principle 2 of the Model Code is to
"Review Adequacy of Current Standards."

In the United States, the Government Accounting Office
(GAO) noted the current belief that buildings and
infrastructure are built to last whatever the climate. In
reality GAO noted that current design standards and
building codes are based on historical data andio not
recognize changing climate Further, GAO stated that
continuing to build with current codes and standards
could cost the federal government billions of dollars for
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repairs, flood insurance, and disaster relief and the GAO
called for federal agencies to workogether to provide
better forward-looking climate information for
updating codes and standard§2

The situation at the global level is no different. It is
urgent that the codes and standards used to design
buildings and infrastructure be updated nowto reflect
the changing climate and implemented and enforced.

Summary

Standards already play an important role in supporting
achievement of the SDGs. oRcymakers need to
understand the important role that engineering
standards play and could play in goernance and in
enabling the buildings and infrastructure needed to
achieve the SDGs. Standardization is a tool that needs to
be and can be used effectively at all governance levels
from local to global. Education and capacity building on
standardization and conformity assessment should be
encouraged and supported utilizing the many resources
already available.

The standards community and the engineering
community in general need to be made more aware of
the SDGs and how technology and standardization
specifically can contribute to the SDGs. There needs to
be a much broader effort to engage the science and
engineering community on the SDGs. There also needs
to be broader involvement of the science and
engineering community including academic and
industrial researchers in standardization activities

The global investment in the built environment and the
additional investment needed to achieve the SDGs is
enormous. The UN needs to take steps to protect the
existing investment, ensure that we build back better
and that all new buildings and infrastructure are
resilient and sustainable. Updating building and
infrastructure standards to address the changing
climate is one important and necessary way.

Recommendations

The UN should endorse theWFEO Model Code of

Practice on Principles of Climate Change Adaptation for
Engineers and encourage WFEO to maintain and update
the Code as appropriate.

The UN through the members states should encourage
engineering societies and organizations to adopt and
implement the WFEO Model Code of Practice on
Principles of Climate Change Adaptation for Engineers



The UN should encourage and support member state
efforts to update building and infrastructure standards
for the changing climate.
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Emerging frontier tech must adhere to Rio Principles for SDGs to work
Tom Wakefordand Neth Dano(ETC Group)

Abstract

ETC Group has played a direct role in challenging two outdoor experiments involving rapidly emerging frontier
technologies. Each experiment was promoted to advance the SDGs: one addressing health by reducing the number of
malarial vectors in Africa and theother tackling climate change by spraying aerosols in the stratosphere to curb global
warming. Both of these experiments put fundamental principles of sustainable development on the line, thus

threatening the achievement of the SDGs.

Gene drive mosquitoes in Burkina Faso

A gene drive is a technique, currently still at the
experimental stage, that is designed to spread particular
genetic traits through a population. Gene drive
organisms manipulate the normal sexulareproduction
system, forcing a genetic trait into subsequent
generations, such that it becomes dominant over a few
generationss.  Modelling suggests that gene drive
experiments in the real world could be very risky, with
altered genes potentially spreaihg to places where a
species is not invasive but a welestablished part of the
ecosystents.

The international research consortium Target Malaria
(TM) is working to create a gene drive mosquito that
would reduce the number of Anopheles gambiae
mosquitos, the females of which are vectors of malaria.

4R CAT A AOEOA 11 AEAEAO OE

causing the females to create only male offspring or not
to have any offspring at all. These modified mosquitoes
pass on their genes to a high percentage offspring,
spreading these auteextinction genes throughout the
population. In this way, potentially the entire species,
could inherit that trait and thus become extinct.

TM is adopting a dual approach, involving the
development of gene drive mosquitoes in laboratories
at Imperial College, London, UK, in parallel with the
release of genetically modified (GM) mosquitoes (not
yet engineered to include gene drives) in two viiges in

Burkina Faso (Bana and Sourkoudingan), which began

on 1 July 2019. By obtaining government approval for
these GM releases, TM has eased the regulatory
pathway for eventual later release of gene drive insects.

Parties to the Convention on BiologidaDiversity (CBD),
which include the UK and Burkina Faso, are required to
OAAE OEA APDOI OAI i £ Obi 0O,
PDAT BT AOG AT A 11T AAT ATi1 O1 EOI
release of gene drives, including experimental
release$’. Investigations by ETC Group suggested that

in communities in which the first GM mosquitoes were
later released by TM, had not been properly consulted

or informed about either element of the projects. Local
people were therefore not able to make a decision that
was bad on hearing a balance of viewpoints. Local
civil society groups have also expressed concern that
there had been no published risk assessment

E)TAAOOAEAI_" G0. AgpA OI%L,
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Geoengineering experiment in Sweden
Geoengineering is the intetional, largescale
OAAEI'I'I'I'(;EAAI I ATEDOI AOET 1

primarily to address the impacts of climate change. In
2010, the CBD adopted a de facto moratorium, stating
that no geoengineering activities should be carried out

O1 OEI A Gadert Andl leffectiv@ @dhirol and
OAcOl AOT OU i AAEAT EOI 8 ET
DOAAAOOET 1T AOU ADPDPOIT AKETIhe AA
moratorium allows exceptions for smaltscale
experiments, but only if several conditions are met,

65 ETC Group (2019)Gene Drive Organisms An introduction to a dangerous new technology puttingc#is at risk.ETC Group,
HOMEF, COPAGEN, AFSA, Terre a Vie. Availablattgis://etcgroup.org/content/gene -drive-organisms

66 Noble, Cet al.(2017). Current CRISPR gene drive systems aikdly to be highly invasive in wild populations.Elife 7:€33423

67 FoEI & ETC Group (2018) Press release

Un|ted Natlons Hits the Brakes on Gene Driviksgailable at:

ene_drives.pdf

68 Moloo Z (2018) Cutting Corners on ConsentProject SyndlcateDecember '19. Available at:https://www.project -
syndicate.org/commentary/target -malaria-gene-drive -experiments-lack-of-consentby-zahra-moloo-2018-12

69 Decision X/33 8(w), COP10 CBD
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Harvard scientists have been undertaking the project
Stratospheric Controlled Perturbation Experiment
(SCoPEX) to investigate methodologies and hardware in
conducting stratospheric aerosol injection (SAl), a solar
radiation management (SRM) technology. If deployed,
SAl is meant to rg@uce the amount of sunlight reaching
ET O OEA OPBPAO 1 AOAI O
planned to launch their balloon in Kiruna, northern
Sweden in June 2021 in partnership with the state
owned Swedish Space Corporatidf. The date has now
been postponed following a series of protests by
Indigenous Peoples and civil society.

The conditions set by the CBD for geoengineering
experiments in controlled settings are not met by

SCoPEXx. While the first stratospheric flight proposed for
Kiruna intends to test the balloon and gondola
equipment, the stated purpose of the flight was to
prepare for the release of aerosols into the stratosphere
later in the year in Kiruna. Since the goal of the initial
flight is to enable the subsequent release of particles,
this planned balloon flight must be viewed as integral to

OEA DOIT EAAOSO
and particle release.

Solar geoengineering has the potential for massive
I ACAOEOA EI PAAOO 11 OEA
populations. Droughts in Africa and disruptions in
monsoon patterns in Asia are among the major risks
identified by computer modelling’t. The sources of food
and water for 2 billion people could be disrupted. SRM
deployment would also lock in the world in this
QAAEITI
OET AEDO
Frontier technologies and the SDGsising Rio
Principles as lens

The Target Malaria and SCoPEXx cases described above

demonstrate the usefulness of the fundamental
principles of sustainable development in interrogating

70 Keutsch Group (2020) SCoPEx  Statements:

https://www.keutschgroup.com/scopex/sta tements 5
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O1 AAO OA thd &ppli€atioh bfifrdatler technologies to address key

developments chalenges.

Precautionary Principle

Both cases, though still at research and development
stage, underline the need to apply the Precautionary
Principle. The principle emphasizes caution, pausing
and review before leaping into new technologies that, if

%ﬂz}loyed may prO\Le disastrous. Where there is doubt,

precautignary pti e does tend.

Ao B ran e does )
harmful technologies. The principle does not
necessarily mean a ban on new technologies or stopping
research, but urges that opportunities be created to
address concerns using an appropriate range of
perspectives.

Free and Prior Informed Consent

Any outdoor experiment of frontier technology
applications need to undergo transparent, democratic
and thorough consultations in communities, in
particular indigenous and local communities, that will

be potentially affected by the technology. Civil society

in Burkina Faso have raised concerns on the absence of
AT 1T 001 OAOGETT AT A ET A&l OdadeOE]

E] OAT-abBesting i & O CMMRHIUtese ’Ere the pa d&lﬂd research on gene

drive mosquitoes. The’recent decision of the Swedish
Space Corporation to postpone the SCoPEx open field
trial in northern Sweden following objections from civil

x §o6dtyAelperts dnd ifdigenodd @dmmdriesAA T A

Access to information, participation in decisiormaking
and access to justice in environmental matters.

In both experiments, there was barely any information
provided to the public. Decisionmaking was limited to

I CU OET AA AAT OOET ¢ E that prévi@dd By paytAedidstit @iond in theXxQuitd th& T A
OEAO ET OT1 OAO OADEA g fe fleld trigs] iviksadiety O Burkind Kago Gade A

tried without success to access information on releases
of GM mosquitoes from the government. The
government-owned space centre in Sweden did not
provide further details on the modalities of the
experiment and the nature of its partnership with the
proponents of SCoPEx. Public access to information is a
prerequisite to meaningful community participation in
decisionrmaking on matters relevant to the

Releasel5 December  2020. Available at:

i £ OOOAOI OPEAOEA

at: https://agupubs.onlinelibrar y.wiley.com/doi/10.1029/2009GL 039209
72ETC Group 2018ig Bad Fix: The Case Against Climate GeoengineeAwgilable athttps://www.etcgroup.org/content/big -bad-

fix

73 Fountain, H & Flavelle, C2021Q Te&t Flight for Sunlight' 1 T AEET C
-geoengineeringblock-sunlight.html?searchResultPosition=1

https://www.nytimes.com/2021/04/02/climate/solar
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environment. Transparency in decisions on field testing
of frontier technologies is key to redress and liability in
case of adverse consequences to the environment and
people.

Intergenerational equity

Gene drive organisms would change the dynamics
among organisms in an ecosysta, would disrupt
ecological balance and have unknown consequences on
the environment and people. Stratospheric aerosol
injection would lock the world into a technology for
generations since halting its deployment would result to

OOAOI ET AGET T uld@énbefoisly exdderbate A |

global warming4 Deployment, including reatworld
experiments, of frontier technologies that are largely
untested, speculative and potentially dangerous for the
planet that will be inherited by the next generations,
thus violates justice principles.

Avoiding technology lockin
There is common feature in both experiments described

here, which is that they are a Trojan HorseA O-&BA D 6

experiment designed to clear the way for more
significant interventions in the near future. In Sweden,
the objective of the initial SCoPEXx flight was presented
as being merely to test equipment but was seen by many
as a deliberate attempt to normalise the move to
experimentation with aerosol release in the
stratosphere. In Burkina Faso, a@rget Malaria are
explicit that they are releasing GM mosquitos without
gene drives as a means to test and prime the regulatory
system for later gene drive releases. In each case, those
recommending precaution are not simply highlighting
the risks posed by a specific experiment, but
guestioning (and rejecting) the wider policy direction
behind the experiment. Researchers on new
technologies have identified the related syndrome of
Ol IEAB h
commitments to big scénce projects create a path
dependence, leading to decisiomakers becoming
locked-in to deployment and commercialization of
those projects when they are not necessarily the best
option. Calls to move away from precaution towards
OAAOA AU A Ayhisks ilriedsiBglslich path E E
dependence.

“0EAOOAEOI AROOh 238

Policy recommendations
To attain the aspiration of the 2030 Agenda for

Rio Principles must remain as the fundamental metrics
for consideration of new and emergng technologies as
tools to attain the SDGs. Broad societal deliberation on
frontier technologies and their potential environmental,
health, economic and social impacts must be a
prerequisite for their development and deployment.
Participatory mechanisns for evaluation of new and
emerging technologies need to be established at the
global, regional and local levels. The UN should help
provide countries and institutions with technology
assessment and horizorscanning capacities, as
AT OEOCET T AAARET7T ACEAT @S0 0 OOAI
of Rio+205,76,

jcmpxq O4EA OOT OBulleBn okMfobie Sc@@id3AUne. Avaikadlead &

https://thebulletin.org/2017/06/the _-trouble -with -geoengineershacking-the-planet/

5 UN DESA  (2012) O4 EA &O0O0O0A
https://sustainabledevelopment.un.org/futurewewant.html

7 A 7 A7 66BN DESL0 A Availahle v hat:

6 ETC Group 2021 Assess.technology websitvailable at:https://assess.technology/
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Policy approaches to direct frontier technologies towards inclusive and sustainable
development in Asia and the Pacific
Jonathan Tsuen Yip Wong and Tengfei Wangdr{ited NationsESCAP)

Note: This policy brief is extracted and updated from ESCAP (2018)he views expressed are those of the authors and do not necessarily reflect
those of the United Nations or its senior management.

Abstract

Frontier technologies such as artificialintelligence (Al) have played an active role in fighting against COAD®
pandemic in Asia and the Pacific. Going forward, it will be critical that frontier technological breakthroughs such as Al,
robotics, 3D printing, and the Internet of Things, amongstthers are aligned with the 2030 Agenda for Sustainable
Development. This policy brief stresses that while there are question marks over the scale and pace of the frontier
technological transition, it would be prudent for governments to be prepared, and tput effective policies in place. To
this end, this policy brief outlines a few prerequisites for the development and application of frontier technologies.

Background

During the COVIB19 pandemic, frontier technologies
such asAl showed their usefulness For example, by
adopting Al, Republic of Koreawas able to develop
much needed diagnostic kis within a month in the. For

another example, hospitals in Thailand adoptedAl

solutions and 5G tech to fight COVHR9. The ubiquitous
applications of frontier technologies in Asia and the
Pacific have been discussed in ESCAP (2020).

Moving forward, and in the context of 2030 Agenda for
Sustainable Development, frontier technological
breakthroughs such as Al, robotics, 3D printing, and the
Internet of Things amongst others carry the
transformative potential. On the other hand, adoption of
these technologies is tempered by increasing concerns
about the potential negative impacts such as job losses
to automation and increased inequalities.

This policy brief examines key opportunities and
challenges of frontier technologies in relation to
sustainable development. It proposes some key policy
priorities that could form the basis of a next generation
technology policy framework for the Fourth Industrial
Revolution future and ensure that frontier technologies
more deliberately align to the ambitions of the
Sustainable Development Goals (SDGSs).

Challengedor harnessing frontier
technologies for sustainable development

To effectively develop and rnplement frontier
technologies for sustainable development, challenges
vary depending on the context in a country or industry.
This section highlights two common areas where
impacts of frontier technologies may not necessarily
produce sustainable developmat results, namely, 1)
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the impacts of frontier technologies on jobs, and 2) a
new frontier technology divide.

The impacts of frontier technologies on jobs

Debates on the impact of frontier technologies on jobs
are abundant in existing literature. Despite the

numerous forecasts on how automation or robots will
replace human labour, many existing studies mainly
focus on the technical feasibility of job displacement
while neglecting the factor that what is technically
feasible is not always economically vialel (see Figure 1).

Ultimately, decisions on the adoption of automation
technologies often hinge on cosbenefits analysis.
Nevertheless, the nature of technological displacement
of labour is about how fast rather than whether it will
happen. Market mechanims will dictate that start-ups,
SMEs, corporations and industries, choose the most
cost-effective method of production.

The digital and new frontier technology divides

As ICT infrastructure is the backbone of many frontier
technologies, there is a rislof a new frontier technology
divide on the back of already existing digital divide. For
example, available data show that 17 out of 31 ESCAP
member countries continue to have less than 10
broadband subscriptions per 100 inhabitants in
2019(as shown in figue 2).

Another perspective to assess the frontier technology
divide is gross domestic expenditures in research and
development (R&D) as per cent of the GDP (as shown in
figure 3). Of the 23 countries for which data are
available, only three countries in tke region zChina,
Japan and Republic of Koreaspend 2 per cent or more
of GDP on R&D. On the other end of the spectrum, almost
half of the countries spend 0.25 per cent or less.



Figure 1. Range of estimates of the share of jabask of being lost to automation
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Source Compiled by the ESCAP study team according to the existing studies, as shown in the fiduoge: The sample in the figure include
countries in ESCAP region. United States is included for benchmarking. Furtlriormation is available from ESCAP (2018).

Figure 2. Fixeebroadband subscriptions per 100 inhabitants

in 2019
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Figure 3. Gross domestic expenditure on R&D as a share of
GDP in 2017
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Policy priorities

As an initial step towards understanding the policy
response to the opportunities and challenges that
frontier te chnologies present more broadly, this section
discusses six key policy areas that could form the
backbone of a next generation technology policy which
focusses on creating an enabling environment for
frontier technologies, and is aligned to sustainable
development objectives.

Inclusive ICT infrastructure

As discussed earlier, a prerequisite for the development
and application of frontier technologies is developed
ICT infrastructure. As shown in figure 2, ICT usage is
unequally distributed among countries. Een if middle-
income and to some extent lowincome countries are
not at the forefront of developing frontier technologies,
equalizing opportunities embedded in the possibility of
buying such technology or adapting parts of it to local
circumstances could le lost if digital infrastructure
deficits persist. In this regard, a continued focus on
connectivity - should be a policy priority so as not to fuel
a new frontier technology divide.

Developing a workbrce fit for a Fourth Industrial
Revolution future

While the scale and pace of frontier technological
adoption and diffusion and their impacts on job losses
are largely unknown, it would be prudent for
governments to develop a workforce fit for a Fourth
Industrial Revolution future. Some directions to
consider include: a greater emphasis on
entrepreneurship training to develop job creators as
well as job seekers, adult education, litdong learning,
and reskilling to deal with current and future
technological transitions. Education must also instil
new expectatons about work and the marketplace for
jobs. In addition, governments could strengthen social
protection systems to protect the workers that are
vulnerable to losing their jobs. Such forwarethinking
policies could support a strategy to facilitate
redeployment, not unemployment.

Developing innovative regulatory frameworks

To avoid hindering the development of frontier
OAAETT1 T CEAOS8 ADPDPI EAAOEII
regulatory processes need to become responsive and
adaptive. However, enabling regulaon for innovation

is difficult to formulate and as such, innovations in
regulation processes are urgently required.

Effective regulation should allow innovation to flourish
while still safeguarding society and the environment.
Balancing these demands wil be an important
government agenda as frontier technologies evolve, and
one that will require sharing effective practices and
innovative approaches between governments.

Incentivizing responsible  frontier
development in the private sector

technology

Shared value

As the predominant investor in frontier technologies,
the private and business sectors will shape how they
impact the economy, society and the environment.
However, to create positive impact on these three
dimensions of sustainable development, aporations
need to move beyond the concept of corporate social

responsibility and redefine their objective, and
AOOI AEAOGAA 1 AAOGOOAO 1T &£ OO/
OAl DA68 .. .
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Governments can play a critical facilitating role by
creating an environment to ensure the development,
adaptation and diffusion of frontier technologies by the
private sector is appropriate to their own country
context. Typical measures can be subsidies or tax
incentives for the development of products by the
private sector which bring substantial societal or
environmental benefits, especially these related to the
SDGs.

Publicprivate partnerships

Public-private partnership can take many forms. For
instance, a government can promote and drive joint
research with the private sector and academia in the
areas of strategic national interest or direct effects on
public good. Governments may also provide support to
the private sector for implementation of pilot projects.
For instance, a private company will need government
support to test a driverless bus in a city.

Engaging the technology giants

Leading technology companies could be important
partners for addressing the SDGs. Efforts by leading
global to make frontier

sz ~ 2z oa Z7 L A

enable developing countries to learn about the latest

77 Sharedvalue is not corporate social responsibility. It measures value across the three dimensions of sustainable development at
the core of business strategy. To further promote shared value, policymakers need to create the right incentives, so thedeega
move from corporate social responsibility departments to the boardrooms.
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developments and identify solutions to social and
environmental issues.

On the other hand, technology companies may dominate
their respective sectors. This restrains effective market
competition and lead to winner-take-all market
outcomes. While the important role of the private sector
in sustainable development has been well noted,
Cl OAoOT i1 AT 060 1TAAA Oi
manage any potential conflicts between maximizing
corporate objectives of maximizing shareholder wealth,
and potentially negative social and environmental
impacts.

Catalyzing the role of government in frontier
OAAETTI1ITCEAOGE AOI 1 OOETT
Public sector innovation skills

It will be critical for government and public sector
workers to develop innovation skills if countries are to
meet the diverse range of goals set out in the SDGs.
Governments will need to support an agile, forward
thinking and technologically skilled civil service to
respond to a rapidly changng world and the
opportunities frontier technologies present.

The government as a market maker and shaper

While the private sector has been the prime investor in
frontier technologies, increasingly, governments in the
Asia-Pacific region are establishingdedicated agencies
to help realize the transformative potential of frontier
technologies. For example, the creation of SGInnovate
AT i bl Al AT 0606 OEA
01 Ai T 60 OEA A1 01 6OUBO £&£OI
through its government-wide partnership and national
programme on Artificial Intelligence Singapore@

Creating a platform for multi-stakeholder and regional
cooperation

Crossgovernment cooperation; intergovernmental

knowledge-sharing and consensusbuilding; and

honest, @en and regular discussion with civil society
and the private sector, specifically technology
developers will be critical to ensure that frontier

technologies have a positive impact on sustainable
development.

As afirst step, developing a set of overarchg principles
governing the development of frontier technologies
should be a first order priority. Globally, leadership on
such an endeavour has been swbptimal. Given Asia

AT A OEA OAAEAEASO DPOITETATO bPI OEOEIT EI

technologies, the regionis well placed to lead on
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governance globally, to build trust and ensure effective
deployments aligned to the SDGs.

Conclusion

This policy brief argues while there are questions over
the scale and pace of the frontier technological
transition, it would be prudent for governments to

pOO A AEpajeand pkefiastivg ppligigs i places f emppsies 4

policy areas that could form the basis ofa next

generation technology policy fit for the Fourth

Industrial Revolution future. Creating an enabling
environment for frontier technologies to positively

impact economy, society and environment, and to
reduce current and potential inequalities shouldalso be

a fundamental principle of future technology policy if it
is to effectively support the SDGs.

Many countries in the region are developing specific
frontier technology policies and Fourth Industrial
Revolution strategies however, they are in theimfancy.
To support countries to prepare, the evaluation of the
impact of these experimental strategies should be a
policy priority to establish what works and equally
importantly, what does not. Through these activities,
best practice next generation techology frameworks
can be developed.

Finally,  crossgovernment  cooperation; inter
governmental knowledge sharing and consensus
building; and honest, open andegular discussionwith
the civil society and private sector, specifically

well positioned to play a critical role in this regard.
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Principles for the Inclusive Data Governance
Kibae Kim Korea Policy Center for the Fourth Industrial Revolution, KAIST

Abstract

As artificial intelligence pemeates everywhere, the market pays sharp attention to decentralized governance to feed
data to machines. However, the new governance around data makes it complex tebaance human dignity with

AET AT AEAT AAT AEEOON
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principles for inclusive data governance, i.e., fair data, transparent algorithm, and trustworthy architecture to address

the growth with balancing the values.

Introduction

Two streams are approaching after the wave of the
fourth industrial revolution. On the one hand, machines
get famous in intelligencebased areas. Scientists,
entrepreneurs, and government officers have focused
on developing the Al technologies and their use sas
since the Summer Research Project on Atrtificial
intelligence in 1956 (Nilsson 2009). In the last decade,
AOOEEZEAEAIT ET OAI 1T ECAT AA
learning and brought the match between the machine
representative and the human representative in Go,
which has too many possible combinations (~256©) to
search for the optimum path(Silver et al. 2017) Now,
ordinary people as well as s@ntists and engineers
harness the machines learning from big data in various
areas, including translation, sekdriving, and drug
development. The wave of artificial intelligence finally
stimulates human beings to compete and cooperate
with machines in a rew way (Brynjolfsson and McAfee
2014).

On the other hand, data become commodites as
machines demand them. Digital platform providers take
advantage of leading artificial intelligence as they
possess the data accessible for machines to learn;
therefore, Google, Salesforce, Amazon, and Facebook
belong to the ten best artificial inteligence companies
list (Divine 2021). Data also pour out of physical
platforms and public databases such as factories, supply
chains, credit cards, and healthcare records through the
5G network and the internetof-things, and business
opportunities emerge at procesing and analyzing them
(Nations 2019). However, those data mainly accrue on
the field far from artificial intelligence and quite dirty
for machines to directly study, a situatiordifferent from
digital platforms. Therefore, governments suggest
building a business ecosystem to share, recombine,
reuse, and commercialize data in their programs, such
AO 31 OOE +1 OAA §(SangafoeR220)I
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Balancing the Values Around Data

Those trends remind us of timehonored issues on data
governance, i.e., balancing economic benefit and human
dignity. Data are thebasis of fundamental rights from
human dignity that have been institutionalized for
centuries, while business opportunities accrue at
accessing the data in all dimensions, including financial
transactions and health in the new economyCheung
IOAGEAIT 1AAG <A AEEGG
fundamental rights before national security (US
Government Accountability Office 2020jand innovation
for economic growth (Furman and Stern 2011) Recent
OACOHI AGI OU AEAT CAO | AscCsh
Protection Regulation)reflected the advancal artificial
intelligence and opened the data economylhey shift
the balance from captivating data in organizations with
informed consent on specific purposes to sharing across
organizations after anonymization or
pseudonymization with a comprehensive agreement.

However, the recent trends of artificial intelligence and
data economy make value rdalance complex. The
foremost issue is the proportionality between
reidentification and business opportunities. Business
I DT OOOT EOCEAO OAT U 11 1 AAEI
of learning data. However, machines can also reidenyif
individuals with clues from personal data(Gymrek et al.
2013). Therefore, it is hard to encourage economic
benefit at the moment, separately keeping human
dignity. The upcoming governance dispersing across
stakeholders intensifiesthat complexity. Data transfer
to final goods through integration, cleansing, and
analysis by third parties (European Commission 2017)
Therefore, the market implies the responsibility
ambiguity for data misuse increases as they transfer
from the data owner to final data sets. In summary, no
organization might take the consequences even if
machines isolate people from their data.

$AAI



Principles for Inclusive Data Governance

The camplexity might undermine the value balance,
which had already shifted for preparing the future
because hiding identity in data and positioning the
accountability to organizations are hard to work in the
new economy. This article suggests three principle®f
data governance to prevent the expected loss of value
balance: fair data, transparent algorithm, and
trustworthy architecture.

First, artificial intelligence in the data economy needs
fair data . Recent artificial intelligence based on neural
networks determines their parameters according to
OEAEO 1 AAOTETC 1 AOAOEAI Os8
biased if some part of databases limits theiaccesse.g.,
the artificial intelligence medical doctor provides a poor
with the wrong diagnose or a wrong decisionin the
worst case in the case of the limited access to the
bl 1T OA0OB6O
2020). Furthermore, machines will also decide if human
beings feed machines therejudice, and their outputs
will discriminate human beings, e.g., estimating a higher
crime rate for blacks than white as their learning
materials depict it (Garczarek and Steuer 2019)It is
xARECEOU OEAO
family members and generations, as the data show the
details of an individual what they share with family,
such as inherited disease§Yim et al. 2020)

Second, transparent algorithms  should manage the
data. Burrell (2016) said that algorithms get opaque
when artificial intelligence vendors hide their source
codes as a trade secret, people are illiterate in artificial
intelligence technologh Oh AT A
different from human beings. Technologies generally
have those features, but their impact is profound on
artificial intelligence because they are in charge of the
decision. Let us recall the crime estimation. A lawyer
will ask the judge of their reasons for sentencing if the
judge is a human being. But the court will not discuss
their decision if a machine judge returns only the
sentence from the input data through their
sophisticated neural networks with the parameters
adjusted by judicial precedents. Therefore, the US
Defense Advanced Research Projects Agency funds the
explainable artificial intelligence (XAl) to follow up their
decision procesgLukianoff 2019).

Third, atrustworthy architecture should overarch the
data transfer. William et al.(2019) highlighted trust as
the enabler of data flow in the data economy. Many data
AATTTiU pOT EAAOON
(Stangarone 2020) consider blockchain and distributed
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ledger technologies as a trust infrastructure, as data en
chain are immutable and anonymized. | agree that
blockchain is currently the best solution to build trust.
Still, the architecture leaves issues.Off-chain data
passes through a particular node calle®racle before
uploading on-chain. Oracle is a weak point of blockchain
because it is the only centralized node in a decentralized
architecture  (Antonopoulos and Wood 2018)
Furthermore, the capitalist reward schemecentralizes
the decision power so that the wealth inequality might
demolish the democracy of machinegPark, Kim, and
Kim 2020). Therefore, trustworthy architecture
demands governance for trust on those weak sides.

Cébhélgsﬁ)hAOO AAAEOEIT T
The recenttrends pave the pathwayto a datadriven

society where the data economy feeds data to
machines returning processed data to the economy.

xET 1T A

OEAO AT EAT AA ET AEOGEAOGAI 06
when third parties harness the data orginating from

various sources. But it also involves the risks of losing

the value balancing if the changing ethical and

regulatory frameworks remain at hiding personal

i AAEET A Gspan A E Onfo@riatiocfiorA A dafa and pBsiiidhidg

accountability to organizations. This articleproposes
global leaders discuss inclusive data governance based
on fair data, transparent algorithms, and trustworthy
architecture.
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C. Digitalisation, a rtificial intelligence and robotics

Potential Threats of Human Digital Twins for Digital Sovereignty and

the Sustainable

Development Goals
Kevin Mallinger, Alexander Schatten, Gerald Sendera, Markus Klemamg A Min Tjoa(SBA Research)

Abstract

Human digital twins (DT) provide new ways of processing the activiés of its user and are able to exert significant
influence on the behaviour of individuals. As the technology promisemanifold business opportunities, widespread
incorporation is highly likely but may lead toa variety of social, environmental and techntogical challenges A new
regulatory context is needed to fac@ossible downsidesand foster an ethical and lean digitisation approach. This brief
provides a concrete definition, a description of the implications and the respective policy recommendations.

Digital Twins - a Definition

Digital Twins are a virtual representation of physical
objects with a bilateral exchange of information. A
human digital twin is, therefore, the aggregation of
human related data that is supposed to represent its
real counterpart in the virtual world. A (human) digital

twin continuously controls and monitors its physical

OxET 08 OOAOOON
by triggering selfoptimisation and

mechanisms (Barricelli et al., 2020).

selthealing

Problem Statement

Digital Twins (DT) are a rew technological approach

combining the capabilities of distributed sensor

technologies, artificial intelligence, big data analytics,
cloud computing and shared databases to create a
digital virtual representation of a physical object. They

have first beenused in industrial applications such as

aviation or production systems (Uhlenkamp et al.,

2019), but are increasingly applied to monitor,

represent, and influence human behaviour. A human DT
is formed by large amounts of data produced by physical
and virtual objects we interact with (e.g., fithess

trackers, social media tools, smart watches, search
engines, etc.) to support behavioural analysis and
prediction. As the goal of digital twins is the

optimisation of certain behavioural traits (such as

health-status, useractivity in a system, response to ads,
etc.), its feedback to the physical object is designed to
achieve this goal.

Possible instances of this technology are widespread
and include but are not limited to professional
(Nikolakis et al., 2018), medical (MartinezVelazques et
al., 2019) and leisure activities (Barricelli et al., 2020).
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The usage of personal data has beersansitive topic of
legislation and was also discussed during the pandemic
of COVIB19, when population monitoring andnudging
of behaviour (Leonard et al., 2008) was suggested as
political means to mitigate the crisis.

However, the advent of digital twirs marks an
evolutionary step in surveillance and profiling intensity.

Ré¢parts indic@i€ that by 2428 indviduadl aghiteswillo | /

be tracked digitally by an Internet of Behaviourto
influence benefit and service eligibility for 40% of
people worldwide, which might rise to 50% in 2025
(Plummer et al., 2020).

As this trend continues, anextensive digital replica of
I'TA3O0 bABockliedhunta®digital twin) poses
significant threats to the digital sovereignty of
individuals, democracy and nations as whe!; but also
for achieving the sustainable development goals (SDGS)
in a variety of fields, such as:

Automated processing of profile dataoften of unclear
quality assurance: Existing societal biases can be
reinforced by unfit designs of human digital twins,
algorithmic feedback loops and simple statistical
correlations. Without transparent and ethical use of
DTs, predominant inequalities (e.g., SDG % Gender
equality, SDG 1@ Reduce inequalities) can be enhanced
and damage wellbeing and amplify societal factures
(World Economic Forum, 2021). This risk is especially
OAl EAT O xEAT 1T AAEET A 1 AAOI
is used for decision making, as these techniques are
often non-transparent by design (Birhane, 2021).

Unregulated access tpersonal data and the digital twin
itself: Personal data and the DT itself might be accessed
by or sold to third parties which could restrict access of



vulnerable groups to economic and social resources
(e.g., application for insurances, loans, welfare, lsgols,
jobs). Without reasonable restrictions and demaocratic
oversight, this increased transparency poses a threat for
achieving inclusive education (SDG 4), inclusive
economic growth (SDG 8), equal opportunities and the
reduction of inequalities of outcones (SDG 10). In this
regard, human digital twins also pose serious risks for
the sustainable development of identification systems
(SDG 16) (World Bank Group, 2021), as the
(unregulated) use of such could be detrimental to an
inclusive and privacy endorsirg design.

Foreign data ownership: The accumulation and
computing of personal data is often outsourced to
servers or cloud services in foreign jurisdictions. The
increased attack surface within such hypeconnected
cloud environments and the creation of sigle points of
failure foster significant privacy and security risks
(Allianz Global Corporate & Specialty, 2021). As a
consequence, data sovereignty of individuals,
companies and nations as well as the resilience of
national infrastructures (SDG 9z develop quality,
reliable, sustainable and resilient infrastructures) will
be harmed as the dependence on services hosted by
foreign providers increases.

Shadow human digital twinsHuman digital twins can be
created of people who did not consent to provide
personal data. However, the accumulation and
application of data from other people can be sufficient

to indirectly infer a DT for individuals who are not even
OACEOOAOAA ET OEA OPAAEZEEA
photos with names or location, email commurgdation or
calendar). Consequently, data leaks could expose people
and organisations without their knowledge and
undermine their activities (SDG 1& peace, justice and
strong institutions).

%@OAOT Al ET &£ OAT AA
receivedfeedback from human digital twins is designed
to change the behaviour of the targeted object. Nen
transparent and unethical designs of such intended
behavioural changes bare manifold societal,
psychological, and ethical risks (see for instance the
attempts to change the outcome of elections).

Selfreinforcement of existing opinions, worldviews, and
prejudices: Individual human digital twins can be
AAOGECT AA Oi
O1T AEAT 1T AAEAQ T O O1 EIT mseOAT
prediction accuracy with less user variance. This can
lead to reduced variety and complexity of presented
information, increased information segmentation, and
self-reinforcement of certain behavioural patterns
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(Kaakinen et al., 2020; Bhargava et al.025). As this
imbalance of information will be increased, it poses a
severe threat to democratic processes, the situational
capacity to tackle existing threats (e.g., mitigation of
climate change) and further aggravates the ongoing
erosion of social cohesin and global cooperation
(World Economic Forum, 2021). This type of
reinforcement is in stark contrast to SDG 4 (knowledge
to promote sustainable development), SDG 12 (ensure
that people have the relevant information for
sustainable development), SDG 13niprove education
and awareness on climate change) and SDG 16 (ensure
public access to information).

Policy Recommendations

We call for alean and ethical digitisation approachThis
is based on a principle that has already been described
withinAt. 5GDR2 A0 OAAOA [ ET Ei EOA
DAOAAEOGAA AO OAT AOOEOOA
data, stating that we should only handle data that we
OAAT T U TAAA8B8OG 4EEO DOET AED
minimum amount of data required to achieve the
defined goal of a DT but should be extended in a way
that requires incorporation of ethical standards and
open communication of what we really intend to do
with the digitisation approach.

Digital twinsare AAOECT AA O Oi AEA A
human counterpart. Next todata transparency, decision
transparencyis required to keep these processes fair
and democratic. It should be critically reviewed how

O A MPE ARl QoA Nl bl ORBERPADL! B
intelligence algorithms) that operate on behalf of pople

or make autonomous decisions that cannot be explained
are applicable to transparency requirements. Such
algorithmic transparency is necessary for reviews
regarding mutually accepted ethical standards and
further legal regulation. o o _

i OOAOCAOQET C6Qq,
A subsequent aspects the processinglocation of data.
Currently we see two paradigms at play, whereas the
first and increasingly dominating principle? for digital
twins but also in a more general way is
cloud/centralised computing. This has the distinct
disadvantage that is inherent with centralised
architectures: security and reliability issues affect large
numbers of customers at the same time, and whoever
has access to the processed data could exploit it (e.g.,

| AGET EOA ET OAOAfdaiing data Aéivesntus@rfiets Cslifad dad)l 1he

BeBond abphoA @ is & AckepfpfdEedsiAgandiputdidn A O /
(e.g., facial recognition, email indexing) on the customer
device and only exchange data to central processing or



for sharing with other users that were explicitly
selected by the user.

Figure 1: Lean & ethical digitisation approach

Lean

&
ethical
digitisation

1. Personal accountability

2. Auditable quality standards

3. Legal frameworks based on ethical standards

If implemented carefully, this leads to more robust

application performance and tends to support data
minimisation, digital sovereignty and avoid single

points of failure. Switching from centalized data

centres to edge devices may reduce energy
consumption due to less data transmission and
decreased cooling of data centres. Furthermore, the
closeness of edgelevices to distributed renewable

energy sources may enable efficient energy demand
management in smart grid systems (Digital Future

Society, 2020).

Currently, business modeldominate certain sectors of
IT services (such as social networks, news sites,
communication tools) that have their foundation in
surveillance or tracking of customers, collecting and
trading personal data, and manipulating their users on
behalf of their business customers (Zuboff, 2019).
Human digital twins extend the capacities of such
business models extensively and their incorporation in
such should therefore especially be reviewed critically.
Legal frameworks that aim for data minimisation,
algorithmic transparency and local over central
processing (Figure 1Wwould mark a first step to limit
associated societal threats. Regulators should be wary
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Human digital twins and digitisation as a
whole must be designed in a way that
socio-environmental needs are
addressed accordingly.

The associated data management plan, IT
infrastructure and algorithmic design of
human digital twins must follow
international standards and enable
responsible use.

New and auditable international
standards and regulations must path the
way for increased corporate responsibility
and sustainable development of digital
technologies in hyper-connected
environments.

of businesses influencing drafting processes through
lobbying efforts.

Existing frameworks (e.g., Sarbane®xley-Act, GDPR)
sanction failure in compliance, but prosecution can be
cumbersome. As the sense of urgency in organisations
to enforce and follow regulations may be lacking, novel
legal frameworks should foster an incrase in
organisational responsibility and personal accountability
of individuals in leadership to implement adequate
measures towards accountability, resilience and the
protection of data  subjects. Furthermore,
circumvention of these frameworks must not be
Pl OOEAT A AU OA&AOAAIT U CEOAI
Recital 43), as this requirement will often remain
heavily imbalanced towards the interests of large
companies as data collectors and controllers.

Finally, quality and scaling issues in increasingly
complex IT infrastructure pose high risks for the
resilience, security and privacy of our digital
ecosystems. Therefore, auditablénternational quality

standardsfor human digital twins and their respective

software, architectural, process and security dagns

must be defined.



Whereas the threats of human digital twins are diverse, management within smart grid designs) in achieving

responsible incorporation could also support ongoing the SDGs.

endeavours (e.g., profiled data for energy demand
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Digital Currencies: a definitive push to achieve the Sustainable Development Goal s in
Developing Countries?

Olivier Combe(UNCTAD;Tanya Smith(Blockchain Infrastructure Research, Chantal Line Carpentie(UNCTAD)

Note: The views expressed are those of the authors and do not necessarily reflect those of the United Nations or its senior managém

Abstract

Central bank digital currencies (CBDCs) appear to be the next step in the evolution of digital currencies after the Bitcoin
and stable coins. Indeed, more and more central banks are now contemplating the development of CBDCs while a very
few are starting to implement their own CBDC. Banking the unbanked and improving financial inclusion are among their
main promises. However, this paper makes the case that, without including the voice of the most vulnerable, CBDC may
further deepen the current digital divide. In addition, the creation of a national CBDC may have spillover effects in
developing countries. More research is needed to better assess the potential impacts of CBDCs for developing countries,
affecting the vulnerable populations the most. To ensure &leave no one behind, we must raise awareness among
developing countries and ensure their interests are reflected in international forums discussing the issuance and
regulation of digital currencies. Finally, we suggest using existing intergovernmental pcesses with universal
membership to monitor and provide guidance on these discussions, such as the ECOSOC Commission on Science ar
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The financial realm is buzzing around Bitcoin and digital
currencies in general. Bitcoin launched in 2009, but the
first wave of market enthusiasm began in November
2013 when its value peaked at US$1,213. Since then, an
increasing number of companies have accepd bitcoin

as a means of payment, and many countries have either
formally or informally permitted buying and selling
bitcoin. That said, the high volatility of bitcoin currently
limits its potential as a mainstream currency for the
purchase and sales of gumds. In one month, bitcoin
dropped from $41,973 on January 8, 2021, to $33,078
on January 24, bouncing back up to $50,000 on
February 16, 2021.

0O A OAODPIT OA O
private entities have issued stablecoins. Stablecoins
achieve value (price) stability in one of two ways: (1)
pegging to another currency or commodity (or basket of
currencies/commaodities) through collateralization, or
(2) controlling stablecoin supply through algorithmic
buying and selling mechanisms. For cdteralized
stablecoins, volatility will fluctuate along with the funds
or assets whose values fluctuatez arguably, this
variance is minimal.

Central banks have noted digital currencies for their
unique benefits and risks and are exploring a third
option: a central bank digital currency (CBDC). In the
last quarter of 2020, the Bank for International
Settlements reported that 86% of the central banks

surveyed are studying CBDCsThis work is increasingly
shifting from research to practical experimentationz
bringing CBDCs closer to everyday reality. In 2020, the
"AEAT EAT 3ATA $111AO0 AAAAI .
purpose CBDC, with China, Sweden, and the Eastern
Caribbean Central Bank, among others, not far behind.
Companiesusing proprietary, often opensource based
technologies have provided the technological
infrastructure to support CBDCs, and are developing
quickly in number and sophistication. CBDCs are
featuring strongly in academic, financial, and
intergovernmental conversations.CBDCs are herend
development is accelerating.

AEOAT ET 8 O WRAt hréOdnirek Bk dRy@d| Aurréricies OAOAC

(CBDC}?

CBDCs, in their simplest form, are a digital representation
of fiat currency z currencies backed, issued and
controlled by a central bank. Like physical bank notes,
CBDCs are a direct claim against a central banks rather
OEAI A AT i1 AOAEAI AAT E 1
liability. CBDCs are legal tender and part of the base
money supply, whether they ultmately replace or
complement current cash systems. They are distinct
from payment systems but will likely compete with
cryptocurrencies like bitcoin and privately issued
AOOOAT AEAO T EEA &AAAATT EGB(

1Boar, C. and A. Wehrli. (January 202 Ready, steady, ggResults of the third BIS survey on central bank digital currendpnetary
and Economic Department. BIS Papers. No. 114. JEL classification E42, E58, O33. ISSN&682ISBN 97892-454-1.
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central banks as the trusted contrding entity, CBDC
aims to be as value stable as cash.

All CBDCs require a database to record exchange and
ownership of the currency. This database can use
blockchain or existing ledger technology. Currently,
private blockchain z or permissioned blockchainz are
being considered against public blockchains (like
Bitcoin) which have been ruled out for their inability to
meet criteria such as appropriate security, speed, scale,
privacy, accessibility (including offline), fraud
resistance, interoperability andlegality. .

CBD(C a gamechanger for financial
inclusion?

CBDCs hold great promise for improving financial
inclusion. CBDCs can reduce the risks associated with
storing, handling, and transporting physical cash.
CBDCs can provide easier access to firaal services
and instruments, such as savings (and perhaps even pay
interest), loans, equity and insurance, to unbanked
populations compared to current fiat systems. CBDCs
can facilitate many financial transactions that are
difficult or costly with the existing banking system, such
as remittances, trade and &ommerce financing (local
and international), investments, among others. CBDCs
can improve the speed and target ability of cash transfer
schemes, getting timely humanitarian aid, social
payments, or een pandemic relief into the hands of
those who need it. Howeverthese promises require
designing the CBDCs with leaving no one behind as a
forethought.

Making CBDC accessible and affordable is a significant
challenge. Access to reliable and affordableeddtricity,
Internet and necessary hardware, such as smartphones
or computers, is challenging in more impoverished,
rural and remote areas? At the end of 2019, about half

I £ OEA x1 01 A0 bPIDOI ACET 1
Internet, among which women area majority.2 Should
CBDC design not appropriately account for access and
affordability, the digital and gender divide is at risk of
widening.

Digital and financial literacy at the household and
individual level must be sufficient to protect against
misuse or digital financial abuse. Some countries are
already experiencing an emergence in digital currencies
financial scams and fraudulent activity. As with other

emerging technologies, the implementation of CBDCs
without appropriate mitigation measures may further
increase inequalities between those who can safely
ET OAOAAO xEOE #"$# AT A OEI
Successfully transitioning to CBDC requires adequate
institutional capacity. Leadership will need to have a
certain comfort level with the architecture ard usability

of CBDC as new technology. Domestic legal tender laws
will need to be well aligned with digital currencies to
avoid issues related to the legitimization of payments,
security and custody of CBDC. A national digital identity
system is also likey to be necessary to facilitate -avallet

Z the individual accounts which give access to digital
currencies- and CBDC account ownership verification.

Digital currencies require a fresh look at how
we reduce inequality and leave no one behind

Identifying and understanding the impacts of CBDC in
mainstream use is primarily limited to assumptions and

predictions based on a handful of pilot projects.
However, it is evident thatthe impacts and opportunities
of CBDC are not trivial.

At the country level, CBDE may reduce costs of
maintaining fiat currency, including fraud detection.
New foreign direct and indirect channels may open up,
depending on CBDC interoperability and international
capital controls. CBDCs can make social protection and
emergency paymentsmore efficient and targetable,
which are particularly useful in times of crises.
Moreover, CBDC will put more demand on energy and
communications infrastructure. If not carefully
analyzed and managed, the amount and source of
energy could prove to be envonmentally costly.

New opportunities to influence currency and payment
RS 1 A%, RN A UPg SRAG 0 B,
|mprovement he greater gran ari of transact|on
data may help central banks and governments better
manage monetary stability 7 to be balamced with
unnecessary access into transaction privacy. But CBDC
could also create new sources of financial volatility, at
least in the short term, where capital flight and bank
runs can contribute to instability.

Sociccultural reactions to fast and digital banking may
alter how community and household money is stored

2 Same countries are researching a Universal Access Device (UAD) which could look like a Neiatfd Communication (NFC) enabled

credit card and allow both online and offline transacting.

3|TU Statistics, consulted on 31 March 2021, attps://www.itu.int/en/

ITU-D/Statistics/Pages/stat/default.aspx

4UNCTAD Technology and Innovation Report, 2021, availablewatctad.org/system/files/official -document/tir2020_en.pdf
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and transferred. CBDCs will likely impact formal and
informal economies differently, altering which and to
what extent work is regulated. Entrepreneuship and
innovation trends may speed up with easier access to
start-up financing. Digital transactions may facilitate
access to MSME trade finance but also complicate cress
border trade for those that have not yet digitalized their
operations. New financal actors may emerge depending
on the CBDC architecture, and the mandates of existing
actors may change, such as central banks managing
CBDC digital identities. Without proper design, CBDCs
can be a new source of inequalities and discrimination.

A national CBDC will have broad international
effects

The decision to pursue a CBDC is the sovereign
prerogative of each nation. However, given the
interconnectedness of our markets, as more countries
issue CBDC, it is likely that trade, value chains,
investments, currency competition, remittances, and
tourism trends, will pressure other central banks to
adopt CBDC or authorize interactions with other CBDCs.
Macro-economic impacts of CBDC need further analysis,
and certainly without guiding standards for CBDCs
pursued collaboratively among advanced and
developing nations, these impacts may jeopardize any
opportunity.

Digital currency provides also new opportunities for
illicit cross-border financial activity z money
laundering, terrorist financing, fraud and other ciminal
activity. Privacy, anonymity, and CBDC account controls
can be designed so that central banks can deter and
enforce action against criminal activities; this will need

to be balanced against consumer privacy rights for
CBDC users. Involving a wideange of stakeholders in
the CBDC design phase may help to achieve this balance
at the outset.

Finally, with limited domestic expertise, developing
countries may be forced to rely on oubf-country
expertise and not be able tdring the particularities and

needs of developing countries to bear on discussion.

Developing countries need capacity building to actively
participate in CBDC research, technology design, and
standards development. Stronger developing country and
emerging economy voices are also reqedr at
international CBDC forums.

The way forward

This paper presents a higHevel view of how digital
currencies may impact financial inclusion, and
sustainable development more broadly. The nature of
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these impacts and opportunities it offers heavily
depends on the design choices and standards; therefore,
CBDCs should be pursued in a way that reflects
AAOGAT T PET ¢ AT O1 OOEAOS
financial and institutional capacity and level
development.

of

Moreover, while the international canmunity struggles
to rebuild better from the pandemic, CBDCs should be
explored as a new tool to foster better recoveries; it
must be designed inclusively or risk widening the
gender, digital and inequality divides.

Three objectives must be reached in thevay forward:

1. In-depth, multi-country research to better
understand the implications and impacts of digital
currencies, particularly for vulnerable countries
and populations. Initial research questions could

include:
a. How can CBDC be designed for meaningfu
inclusion?
b. 7TEAO xEI 1T #"$#0 1 AAI1
and international trade facilitation,

including women-led MSMEsS?

c. If CBDC becomes mainstream, what, if any,
are the environmental costs?

d. Can CBDCs provide a pathway to better
financial reward for labor and know-how?

e. What will CBDC mean for the millions of
people in the informal economies?

2. Far-reaching advocacy and awareness
around digital currencies z including
appropriate usage, and opportunities;

3. Development of a multilateral platform © foster
reflections about the design of CBDCs that include
all stakeholders, especially those who risk suffering
the most from CBDCs.

raising
risks,

Fortunately, there is no need to create new structures
or venues to achieve the above. The UN ECOSOC
Commission on Science and Technology for
Development (CSTD) offers such an intergovernmental
platform to review and monitor the design of feature
sets and regulatory requirements for CBDCs. It could
create a dedicated working group to monitor and
support CBDC developmenn and capacity building
needs. The UN financing for development in the COVID
19 era and beyond under the leadership of the UNSG
and the Canada and Jamaica could reflect on these
findings and offer policy options.

OPAA
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Automating the Achievement of SDGs: Robotics Enabling & Inhibiting the
Accomplishment of the SDGs

Dominik B.O. Boes{Hochschule der Bayerischen WirtschafiGermany), Tamas HaideggefObuda University and
EKIK, Hungary) Alaa KhamigGeneral Motors and Uniersity of Toronto, Canada)Vincent Mai(Algora Lab, Université
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Vanderborght (Brubotics, Vrije Universiteit Brussel and imec, Belgium)

Abstract

The role of robotics is rapidly growing in importance in the particular non-industrial application domains, affecting
society, economy and the environmentRobot systems are typically developed to addressspecifictechnical, service
type or economical need, but often their broader impacis insufficiently investigated, if at all. For robots to play a
beneficial role at societylevel in the future, it is important to identify the mainstream directions in the fieldthat enable
the UN Sustainable Development Goals (SDGs), and encourage their development. Similarlyigtjisired to understand
the negative impacts some applications can have on the achievementlad SDGs, and to ensure societies have the ability
to prevent or mitigate them. Inspired by an exploration otthe role of artificial intelligence in achieving the SDGshis
paper presents a preliminary version of a consensubased expert elicitation process on the role of robotsas enabler
or inhibitor - for a more sustainable future. For every SDG, the authors were able to identify potential positive and
negative impacts of roboticslt remains difficult , though,to sketch a simple anccomprehensive overview of the different
waysin which robotic applications canunfold (direct or indirect) impact. Existing projects and studiesare not intuitively
comparable because theyake many different directions and are not at the same level abstraction, technological
readiness, or implementation. Derived from the findings, recommendations on future policy developments are
considered.

Introduction innovation. Mobility, globalization, global warming,
over-ageing society, urbanization, digital life /
connectivity, individualization, and orientation towards
a healthy lifestyle are an oftercited subset of
megatrends that will heavily influence the evolution of
disruptive technologies, such as robotics and
automation [2].

In 2015, 93 countries agreed to establish the United
Nations Sustainable Development Goals (SDGs). They
are a framework of recommendations and principts to
achieve a better and more sustainable future for all.
After the Millennium Development Goals (MDGSs), they
address global challenges, such as poverty, inequality,

climate, environmental degradation, prosperity, peace, Currently, the world is experiencing the peak of the
and justice. digitalization wave. But the next, maybe even bigger

disruption is already afoot: Robotics and Automation.
Riding on the wings of Artificial Intelligence, they will
permeate all areas of our living realm. Over the next 50
years, they will have at least as much impact on sety

To facilitate the realization of these standards, member
states rely on different approaches and manifestations
of innovations. Besides weHknown methods from

governmental toolboxes, like political and regulatory and our world as the internet and mainstream IT have

improvements or the stakeholderdriven discourse unfurled over the last five decades. Subsequently, our
about the esablishment of new governance COAT AAEEI AOAT xEIl COI x 6P

frameworks, fostering and leveraging technological i £ 027 Al OKAIn daily @énadck @ith these
progress becomes more and more crucial to address the o cpnolagiesz and will often rely on the.development of
ET ACAAGET CI U ATT DI AB DOT Al Adigfy tddindidgiEs P, ¥oldy, thiugrPthed stitfrénfiin
its civilization will be facing. Albeit predicting the future limited, in their_potential impact (e.g., because of the
is impossble, the analysis of the sA A1 1 AA~ O- ACAQOAL AQbiated costs, or the lack of available
[1] provides one commonly accepted method for devices in critical situations, for instance during the
estimating driving forces that vv_|II have an impact on the COVID19 disis). It is very possible that robotics will
whole planet earth and humanity over the next 15 to 25 play a key role in the implementation of international
years. Extrapolating these trends, it is possiblto make strategies (e.g., the Great Reset initiative of the World
predictions for future needs, developments of future Economic Forum) to help shape the recovery and
markets and overall requirements for technological
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rebuild society and the economy in a more sustaable
fashion.

Robotics & SDGs

The progress of robotics and its increasingly broad
adoption will be comparable to the rapid dissemination
of mainstream computer technology the world has seen
in the past. It will even follow similar waves
(Miniaturization, Mobilization, Ubiquitiousness and
Pervasiveness) [3]. As promising and beneficial it could
be, its development also comes with its own critical
systemic, environmental, and social challenges [4, 5, 6].
All hopes need to be reconsidered in the light of the
important limitations and ethical dilemmas raised using
robotics to achieve the SDGs. Our objective is to identify,
define, analyze, and disentangle the various impacts
that its development may generate in relation to the
SDGs.

To do so, itis necessary toombine the experience of the
robotics community with the expertise of
multidisciplinary specialists in fields such as economics,
sociology, law, , environment, biology, design, among
others (e.g., in [7]). The authors therefore developed a
methodology ingired by a study by Vinuesa et al. 2020
(in Nature Communications) [8] on the role of Al as
either an enabler or an inhibitor in achieving the SDGs.
6 ET OAOAGO APDPOI AAE AAT AA
based expert elicitation process.

Ethical Implications

Figure 17 The societal level benefit of robotic technologies has
clearly been demonstrated recently, when numerous robot
solutions arose to diagnose and treat COVID, fight the
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coronavirus pandemic and alleviate their dire consequences.
Such functions elate to SDG 3,4,8,11,15 [13].

In addition, the authors of the present study will consult
the robotics community through a dedicated workshop

at a major conference in Robotics [IROS2021] in the
objective of leveraging the collective experience and
intelligence of the robotics community. The results of
this study could be an important tool for politicians, civil
society and trade unions. They can be used as a basis for
stakeholders to establish the guidelines and governance
frameworks [10, 11] that will allow robotics to
contribute to a more sustainable world.

Robots as Enablers & Inhibitors for SDGs

Robots can be regarded as physical entities with sense
think -act capabilities to work in the physical world. The
authors used the definition as stated in the
EndUAT T DPAAEA T &£ 21 A1 OEAO(
mechatronic system enabled with electronics, sensors,
actuators and software, executing tasks with a certain
degree of autonomy. It may be prgrogrammed,
teleoperated or carrying out computations to make
decisions " [12].

Robots offer a wide range of means to help achieve the
SDGs. For instance, Robotics can enable innovative and
effective leayning methods and open new avenues for
Ave thqudity ar eduladoh 1 Gt
developed and developing coutries. This quality
education is a key driver of economic growth and a main
catalyst for poverty eradication and sustainable
development. Robotics also has broatanging impacts
on industry to ameliorate work conditions, increase
productivity and reliabili ty while reducing waste and
improving quality and competitiveness. By using drones
for search and rescue missions in case of natural
disasters, or by delivering food in war zones with self
driving trucks, robots could reduce the impact of such
catastrophes Robots can be wused to monitor
environmental changes in air, land and water, and may
allow a better understanding and preservation of
ecosystems. Precision agriculture and smart farming
can increase productivity and reduce waste of food, thus
helping to provide food security. Similarly, robots will
increase the overall productivity in many industries by
automating tedious tasks, thus reducing the price of
goods and the risk of workrelated injuries. They could
improve access to transportation and healthca and
augment the quality of life of elderly and physically
challenged individuals. Robots as part of space
exploration programs push the boundaries of human
knowledge and are a formidable inspiration for people



of all ages to learn about science,
engineering, and mathematics (STEM).

technaly,

The most recent and prominent example is the use or
robotics to fight the current pandemic: Since the
outbreak of the novel coronavirus (SARE0\V2) and its
highly contagious disease COVHD9, robotics
communities quickly mobilized and gathered to offer
solutions ranging from early detection and diagnosis
solutions, assistive and disinfection robots, robots used
for public awareness and patrolling, contactless last
mile delivery services, to lab automation. Robots
perform many assistive tasks during the pandemic to
mitigate the risk to healthcare professionals.
Applications of these robots include, but are not limited
to, helping medical staff avoid infection from virus
patients, early detection and diagnosis, medicatare,
nursing, patient monitoring, performing lab work,
cooking and serving medication, meal delivery to
patients in isolation wards, indoor and outdoor
disinfection and public awareness and patrolling.
Contactless lastmile delivery has witnessed an
unprecedented importance and a sharp demand rise
during the pandemic to ensure sufficient social distance
between medical staff and patients in the hospitals and
between people during delivery. Several systems have
been deployed and tested during the pandemidor
medical supplies, medications, food, grocery and other
goods. Various research labs, businesses and stags
have innovatively changed their work goals to use
robotics and automation to speed up the quest for a cure
against COVIBEL9. Vaccine discoveryand production
require massive amounts of experiments and processes.
Robots can be used in laboratories to automate
repetitive and time-consuming tasks such as sample
processing, goods delivery, and for conducting
experiments [13, 14].

But robots may alsampede progress towards the SDGs.
First, they can be abused and involved in major ethical
issues (e.g., the increase of surveillance, the use of
robots by oppressive regimes, a potential lack of
acceptability within the general population, issues
regarding data privacy and further augmenting the
digital divide) [4, 5]. Additionally, robotization of
industries will cause routine manual and routine
cognitive job losses. This will primarily affect workers
with low education and countries who do not have the
means to invest in such technology or to educate a
workforce able to benefit from this process. Given the
macroeconomic situation of most of the developing
countries and the high initial cost of adopting robotics
technologies, there are even further challeges such as
the overproduction-underemployment dilemma. There
124

is a common misconception about robotics and
automation and the lack of highly qualified personnel
able to deal with these technologies. In order to ensure
a higher level of acceptance and adoioin of robotics
and automation in the society, education on these
technologies is crucial. Similar inequalities can be seen
in the use of robots in agriculture, which can prevent
small farmers from competing with multinationals, thus
enhancing urban exodus and threatening food
sovereignty. In addition, robots are often manufactured
containing rare-earth materials and produce ewaste,
which causes an inherent danger to the environment if
not dealt with properly. Robots consume energy to
sense, think and actand are commonly much less
energy efficient compared to human workers. They may
also ease the feasibility of projects which may have
damaging consequences on the ecosystems, such as in
the exploitation of natural resources: fossil fuel
extraction, forestry, mining, etc. Furthermore, they can
delay structural changes needed to address global
warming (e.g., with the rise of autonomous cars) or
encourage overconsumption of products (e.g.,
autonomous drone delivery systems).

The Promising butAmbivalent Role of
Robotics in the Achievement of the SDGs

Nearly for every SDG, the authors were able to identify
potential positive and negative impacts of robotics. It
OAT AO O6i OEi x OEA AOAI 1AO
towards the SDGs- as is inhaently applicable to all
disruptive technologies [5, 15, 16]. A complete, more
digestible, and graphically enhanced overview will be
made available in the final publication later this year.

However, it remains difficult to have a thorough
overview of the dfferent ways robotic applications can
have an impact. We need a deeper understanding of the
challenges at stake. Robotics will have a great impact on
our society and economy, but also bring with them
complex challenges. Some believe robots are showing
us the way towards a utopia, whilst others predict
doom-laden scenarios. Nonetheless, it seems evident,
that our grandchildren will grow up in daily contact
with different forms of automation technologies,
making them the first Robotic Natives which leavesus
the last generation of Robotic Immigrants. With our
very analogue migration background, we will have to
overcome some challenges and struggles in accepting,
adopting, and embracing robotics.

The enablers or inhibitors are inseparably intertwined
withpAT D1 AOG6 ET DAO AT A EAAOO:«
invent and develop technologies. We have the duty and



power to shape our own future. The professional work
experience, skills and insights of the robotics
community (and of interdisciplinary experts from a

wide array of disciplines) can, should and will have a
catalytic impact.

Figure 2z Symbolic representation of impact of roboticsidhe SDGs
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Selection of Empirical Facts & Issues

This bullet list provides a first (incomplete) selection of
the empirical facts and issues that were identified by
our research:

1 Robotics will have an increasing role in critical
situations, from supporting healthcare workers
during COVID19, to help in sensitive or dangerous
operations (e.g., minesweeping, nuclear waste
disposal) [1, 2, 4, 7, 13].

1 Robotics could leverage important health
inequalities, for instance by democratizing surgery
(e.g., by providing universal access to high quality
surgical and medical care on a global ate), with
telesurgery in the past and now with autonomous
diagnostic and treatment delivery options [14].

1 To achieve the SDGs, robotics will play an active
role within public, academic, and private initiatives
[7, 8, 9]

1 Robotics and automation can conthute to
optimize complex processes (e.g., food production),
to improve difficult tasks (e.g., cleaning waste,
pollution, water), to monitor the effect of climate
change and human activity (e.g., with drones or
autonomous sensors)[1, 2, 4, 7, 8, 9].
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However, robotics has an important carbon
footprint, uses vast amounts of energy, needs rare
materials, generates large quantities of waste, and
can oftentimes be outdated fast because of
technical progress (e.g., as commercial products)
[4,5, 6, 10].

Furthermore, robotics sometimes remains

experimental and limited, not deployed at a large

scale, and raise critical ethical and social issues
(e.g., from increasing surveillance to accelerating
job losses)[4, 5, 6, 10, 11, 16].

i To avoid being an empty promise, Robats needs

1

to better document its own impact and challenges,
while contributing to achieve SDGs [5, 6, 10, 11].

Technologies like robotics and Al must be
transparent, explainable an understandable [5, 6,
10]

Policy Recommendations

Derived from our findings, we want to recommend
these ideas on future policy development for
consideration:

f

International organizations, such as the United
Nations, should provide specific (subgoals for



each domain (e.g., robotics) to better translate the
17 SDGs in different &lds of practice.

il International oArg’arlizgtigns in Robgtics (e.g., I}EI\EE, .
) &2h 8Q OEI Ol
0 analyze and document at a large scale the impact

of robotics to the environment (subfield by
subfield).

o highlight each year their most efficient and
evidencebased contributions to fight climate
change and achieve other SDGs.

o develop and provide tools (e.g., checkilists,
practical guidelines, frameworks, governance)
to help researchers, engineers, public
decisionmakers and entrepreneurs to better
integrate  SDGs within their projects and
roadmaps.

o develop and provide tools to help researchers,
engineers, public  decisionmakers  and
entrepreneurs document and calculate the
impact of their projects on the environment
(e.g., carbon foofprint calculators, lifecycle
methodologies) andz if possible zZ society

0 help to explain their technologies and
development progress as transparently and
realistically as possible to foster public
understanding and acceptance.

1 International conferences in Robotics bould
require submitters to explain a) the environmental
and b) societal impact of their projects, as well as c)
the potential contributions of their projects to the
SDGs.
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The Future of Urban Design

Taro Arikawa, Ikuo SugiyamaYoshikazu NakajimaHideaki Koizumi andTaikan Oki(STI 2050 Committee, the
Engineering Academy of Japan)

Human security and weltbeing for urban
design

The UNDP states that human security threats have
shifted from catastrophic threats such as war to daily
worries such as jobs, income, health, the environment
and crime. The targets have become global, not just
individual, local or nationalt. The Commission on
Human Security, chaired by Sadako Ogata and Amartya
Sen, has pointed out that human security is a public
goad and that nations and the international community
need to work together to protect and assist people in
vulnerable situations?2. In 2012, UN Resolution

not an issue, but overcrowding and excessive
congestion are crucial. Therefore, pargmics can be
contained even in urban areas by ensuring hygiene in
restaurants, workplaces and public transportation. In
other words, it is critical for a sustainable urban system
to manage human behavior at a sufficient level during a
necessary period. Irthis context, a new regional design
is needed to avoid affecting society and the economy in
a globally linked metropolitan area. Fortunately, recent
developments in Al and lIoT can guide people to the
appropriate behavior both in ordinary and emergent
situations10. 11,

A/RES/66/290 defined human securityA © OOE A O EIGEEHPre g MulttAl system would minimize the

people to live in freedom and dignity, free from paerty
and despaif8 0

There has been an outbreak of COWID®, which in its
typical form threatens human security*. This outbreak
was primarily caused by the rapid spread of a highly
contagious virus among globally linked cities, which led
to widespread and prolonged lockdowns in cities
worldwide. According to the United Nations, this
pandemic led to a rise in the unemployment rate and the
first increase in global poverty since 1998.

Urban areas developed rapidly in the 20th century, and
according to the DESA68% of the world's population,
or 6.7 billion people, are expected to live in urban areas
by 20505. Furthermore, the NUA2026 shows that living
in cities contributes to economic prosperity,
environmental conservation and social equality.
Therefore, it isurgent to consider how urban areas can
develop sustainably given the impact of infectious
diseases to ensure human security. Koizumi (2015has
pointed out that it is also essential to consider the well
being of residents and ensure human security in dds,
as many mental health problems were caused by long
term lockdowns. In this session, we propose a hew
urban design that enables sustainable economic
development while ensuring comfort during normal
times and Decent Living Standards (DL$)during
outbreaks®.

New localization in a new normal era based on
Multi -Al

Given our experience in trying to avoid the spread of
COVID1Y9, it has become clear that population density is
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infection risk by ensuring human comfort and a decent
living standard. The system includes technologies to a)
detect the individual coordinates of smartphones, b)
AOGOEI AOA
data and c) estimate comfort levels from everyday facial
expressions using loT technologies.

Furthermore, this system can simultaneously consider
the situation of both various individuals and urban
clusters based on its open platfan. The platform has
layers to make a heat map of the geographic distribution
of infectious diseases obtained from sewer PCR
(polymerase chain reaction) and of city services such as
urban traffic, logistics, water, food and energy supply.

In executing this system, it is expected that humans
would take prompt countermeasures if Al could analyze
the situation of the layers instantly with humans then
providing comprehensive and multilateral feedback.

Specifically, this MultiAl network city 12 (Fig. 1) clusters

a living area of 10,000z30,000 people to limit the

lockdown area by flexibly switching the lockdown areas
given the infection distributions in the region.

Regarding the dimension of a clustethere are various
viewpoints. One perspective defines a cluster as an
elementary and/or junior high school district, which is
typically 5,000z10,000 people. Another perspective
defines an area as a 20 minute one-way walk from a
living area to community services. Although the
dimension is important to withstand a longterm
lockdown, the cluster scale is tentatively determined to
be 10,000730,000 people in this study. Further research
is necessary to find a suitable lockdown unit to protect
against the spead of infectious diseases.

I 17 A8 O albdadiwiGrErdnAvital AT .



Figure 1. Concept of

MultAl networked cities?
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On the other hand, it takes 100 years to physically
relocate all the buildings and infrastructure of a current

Figure 2.A new urbanization concept of holistic city clusters

city. For this reason,

the aforementioned MultiAl

network city is based on the concept shown in Fige 2.
In this figure, the city area is divided into clusters to
ensure wellbeing. Concluding this chapter, the cluster
network to connect communities in cyberspacecan
OAAOAA EOI AT 68 1 Al OAI
restrictions due to the pandemic, climate change and
natural disasters. In this meaning, the highly
autonomous welkbeing clusters are our practical goal
toward an Al-human collaboration era.

/Satellite cities and lowns\ ( Cluster of new cities & towns b
o ° o W |
O, @ | o |
ABOA | &S
- Fractal structure
N 7
N\ J

Source:Koizumi (2015)7. Note: In the original paper, a
realistic urban structure was imagined, but we propose that
it be virtualized.
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Toward the achievement of multimodal Al

The key torealizing this system lies in the development
of a multimodal Al that interlinks a wide variety of input
data monitored in urban areas. Although there are many
challenges in developing this multimodal Al, the current
situation in the medical field can helpus understand the
road map for its development.

In Japan, during the pandemic, the IT and digitalization
of information sharing in healthcare were insufficient as
the number of affected people was communicated by
fax, exposing the level of information ligracy in
healthcare. This is because the medical information
network has continued to expand its implementation on
an ad hoc basis by limiting the system's information,
and the expansion of functions to share new
information requires high costs. This ineficiency in
information sharing further leads to delays in intra
hospital/regional medical logistics (reallocation of
medical resources), delays in changing the medical
system according to the pandemic level and difficulties
in cooperation between central nedical institutions and
regional medical facilities. The development of systems
and platforms that can respond immediately to various
types of information sharing is an essential and urgent
issue.

Figure 3 Autonomous network system with multimodal Al in
the medical field

.
* Cost s"lcm=t

procision/ =
performanga
.

In fact, few studies have been directed at extending Al
capabilities for comprehensive wellbeing through
generic autonomic autenetworking of heterogeneous
Al3. In a multimodal Al system, in addition to the
inductive inference function, the Al will have an
autonomous automatic networking function by
deductive inference. In doing so, a multimodal Al system
that flexibly performs pervasive data sharing and data
processing will be created. This system will be able to
handle the data and processing of complex systems with
diversity, multiple faces, nonruniform distribution in
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space and interaction$, and will be able to
automatically share and process complex dataitth an
order of magnitude greater efficiency (Fig. 3).

Recommendations for the future of urban
design

The pandemic has led to several engineers returning to
the basics to guide our way of thinking. For example,
does materialistic prosperity ensure happines or well-
being? What is most important to us as human beings?
What is the destination of engineering the true
objective of engineering? We have realized that
engineers are responsible for working together across
disciplines to build a resilient and sustanable system
that will prevent an entire city from disrupting at
once¥zregardless of the situation.

In this report, we have focused mainly on the system to
be controlled. However, progress in technological
development, such as sensing and monitoring
technology and hardware development to realize a
response, will also be necessary. While careful
consideration must be given to privacy and data
protection, by integrating the development of hardware
and the software to utilize it, more effective and efficient
functions can be achieved.

The challenge with the pandemic is to break the trade
off between comfort and human security through STI,
and to realize a city that can serve as the basis for
resolving such a tradeoff, and we hope that this
proposal will help to achieve this goal.

1) Create a humarcentered city that pursues welt
being and aims to ensure comfort in peacetime and
decent living standards during outbreaks.

2) Realize a city that ensures human security and
well-being under any circumstances by achieving
an autonomous and decentralized urban cluster
structure without disrupting the current urban
structure.

3) Develop a system to autonomously manage an
entire city with the cooperation of humans and Al
by connecting diverse data between urban
clusters.
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Machine learning to improve disaster assessment
Koupparis, K. ; Huang, F. ; Bourke, E.; Codastefano, M; Ching, N; WadlarahdBauer, JM. (World Food Programme)

Abstract

After a sudden onset disaster, first responders are in a race against time to get detailed damage assessments and

prioritize relief for the communities most deeply affected. Recent advances in the field of machine learning (ML),
coupled with drone and satdlite operations, are making more accurate analyses of higtesolution imagery available
more quickly. This brief summarizes experiences of the World Food Programme (WFP)simpporting governments and
communities with artificial intelligence (Al) and ML systems in Mozambique and Lebanon. It outlines the lessons
learned from preparedness efforts, such as prepositioning equipment and training, and the need for more robust data
protocols, governance and collaboration to maximize the benefits of these Fourthdustrial Revolution technologies.

How can machine learning supportlisaster
mapping?

Disaster response relies on detailedlocation-specific
data. This makesimpact mapsa strategic asset for first
responders, who rely on them to allocate resourcesind
for post-disaster recovery initiatives. The trend to more
frequent and extreme weather events, the increased
urbanization of disasters, and donor expectations of
fast access to and analysis dfigh-resolution, detailed
information will continue.

Previously, humanitarian agencies relied on
information from satellite images, or from photographs
taken with cell phones, which was manually extracted
andanalyzed. Thisould often beatime-consuming and
error -prone process(Kerle, 2010). Advances inML and
the availability of very high-resolution imagery from
drones or satellites offer the opportunity to quickly
massproduce detailed and accurate impact maps
(Cooner, Shao & Campbell, 2016).

In collaboration with private sector partners and
research institutions, WFP is developing and testing a
wide range of projects whichleverage ML, including to
assess crop damage, monitor landscape changes, and
detect roads from satellite images. This briewill focus

on two complementary ML projectsto assess building
damage DEER which processes both satellite and
drone imagery; and SKAl which analyzes satellite
imagery.

Lessons learned fromWFPdeployments

DEEP usessatellite imagery or drones to capture
imagery, which is then processed on a standard gaming
spec laptop computerlt offers aplug-and-play package
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that is easy to use in field settings by WFP and its
partners. The project began in2019 with a series of
workshops for first responders anddrone specialists.

WFP prepositioned drones with its Regional Bureau in
Johannesburg and trained the Mozambique Natural
Disaster Management Agency (INGD). This enabled
DEEP to be deployed in the aftermath of Cyclones Idai
and Kenneth to support cgacity building with the
Up\sTaT of Mozampigus g NG A &4 &1 ©

Figure 1. Capacity building workshop workflow for DEEP.

1 day 2 days 1 day

Machine Data Building
Leaming Investigation classification
basics model
annotation

4 days

Source: WFP

Where damage assessmenmreviously took two weeks,
DEEPcan capture required imagery in 10minutes and
the building damage classificatioris 85% accurate. The
INGDwas the primary client for the data, but it was also
used by other humanitarian agencies includinghe UN
Food and Agriculture Organization FAQ.

With Google Research, WFP develop&KAlI, which
provides an assessment obuilding damage within 24
hours of receiving satellite imagesising ML to automate
the process(Cooner et al., 2016). By training models to
distinguish between damaged and undamaged
buildings using expertlabeled images of past disasters,
entire cities can be analyzed in a matter of minutes by
modern data centers.




Figure 2. A DEEP disaster map. Santa Rosa wildfire in 2017 (Gupta et al., 2019) arttle

o CORR Bl Beirut Explosion in 2020. In Fiji, SKAI was used

i L b following CycloneYasa in 2021, andocal actors helped

label images, including the government and the local GIS
community. The turnaround time depends on the type
of disaster, with ML assessmentproving most valuable
for large areas (e.g. entire cities) and consistently 80%
more accurate than manual assessmentahich are still
faster for smallareas with less than 5,000 buildings.
78080 A@PGPAOEAT AA xEOE 3+1!)
can help produce highly accurate maps in a fracon of
the time that manual processes would take, and that
collaborating and building capacity with local actors not
only improves disaster preparedness and response, but
also the trust between people and machine learning.

Challenges in ApplyingMlachine Learningin
Damage Assessments

While both projects demonstrate the promise ofhis
technology, some challenges weralsoidentified that
need to be considered as theechnology is usednore
widely.

Not a cureall. ML is not always the best solution, with
SKAI showingit only adds value when used to
assesdarger areas with the damage visiblefrom
satellite images.Therefore,we need to learn to applya

Source: Wrld Food Programme. Notéﬁo t.h.e right is the mix of manual andML approachesusing various types
output of the ML assessment. Red signifies destroyed of images

buildings; purple signifies intact structures.

2N

Limited access to dataObtaining data throughout the
3+1) ADDIOBAAOOEDAES - h xEEREIONK FEBR GO gre of the man
10% of the dataset to bdabeledand used agraining otrienecks.
data in comparison toO &0 1 U OODPAOOE Oliniitdd tralniAgAdathsEts.Apailable datasets (xDB and
methodsrequire at least 50% data to be labeleds UNOSAY are extremely useful,but insufficient to train
training data (Lee et al., 2020). ML models applicable to all disaster types in all

Since its inception, SKAlhas been used inmany geographical areas.

disasters, includingthe Haiti earthquake in 2010, the
armed conflict in Syria in 2016 (Xu et al., 2019), the

Figure 3. Pipeline demonstrating how pre and postdisaster images are used to produce pseudabels for training for SKAI.

1. Augment each pair 2. Classify 3. Produce pseudo-label

weakly augmented
If the model outputs a class probability above
the confidence threshold, use as pseudo-label

_. _______ H(p,q)
= = g~

to predict the pseudo-

Pre-Disaster

3

3

64 x 64
6-channel

Pre-trained building detection model identifies building locations.
We then take crops centered around each one. strongly augmented label for the strongly

RGB
augmented image via

4. Train model
cross-entropy loss

Source: WFP
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Nonstandard labeling of damage in training datasets.
XDB uses dour points scale for damage, while UNS®AT
uses afive-point scale. The labeling is incoherent and
there is uncertainty as to what standard to follow.In
3+1 )80 AAkblaséfiddad0 foEundamaged
and 1 for damaged which provides high-level estimates
of t number and location of people affectedbut doesnot
classifythe damage in detail.

High cost of very highiesolution imageryTo be effective,

a machine needs to extract granular information from

satellite images. The cost of this is a hurdle for local
actors and international humanitarian agencies, which

means the data pipeline is not updated with the
optimum frequency and or granularity.

Operationalizing and scaling machine learning
assessmentsThe path to integrate and scalethis
technology needs to be discussed, amslynergies with
other humanitarian data streams explored.

Humans in the machine learning loop.Humans are
needed to label training data, validate and continuously
fine-tune the model outputs. WFP is discussingwho
could or should belabeling imagesand how ground
truth data can inform the ML algorithm in the mosttime
efficient way.

Machine learning in the broader systenHumanitarian
stakeholders will need to agree on when and how to
deploy a specific machine learning model, what a
reasonable level of acuracy would be for different
phases of the response and how to manage overlaps in
assessments by different organizations

Data GovernanceArrangements are needed tdalance
data protection and sharing of information for both
humanitarian and research purpses.

The way forward

DEEP and SKAI show #t capabilities exist to use ML
models for fast, accurate and credible damage
assessments. The modelsill grow more powerful as
more real-life data are collected and usedbr training

Policy on sharing protocol and resourcés generate,
manage maintain, and govern data pipelinefata toML
models is like fuel to carsWFP callsfor a policy that
encourages responsible data sharing along the fulliL
cycle to enable collaboration amongstdifferent
organizations. A pooled fundis neededto purchase
and/or share satellte imagesand derivative
products, with shared resources to retain and maintain
data pipelines The sector needs sharedata
governance rules which can be appliedoy both public
and private sectors. This echoes calls for a global data
commons for humanitarian response (see UNGP)

Machinelearning first humanitarian assessments?
Humanitarian responsespreviously involved a series of
complexand collaborativeoperations using manually
collected data.As the technology matures, theprocess
will  gradually transition into amachine-learning-

first humanitarian assessment and
responseprocess.WFP calls for strongpoliciesto guide
UN bodies, local norprofit organizations,

international and

regional governmentsin understanding, using, and
building trust between people and machinesfor
humanitarian response.

Publicprivate partnerships for disaster assessments
There is much to be gained by enabling the deployment
of ML models that belong to private companies. WFP
calls for increased collaboration to find a way of
working that allows privately developed disaster
assessment models to be wused for free by
humanitarians, with the intellectual property
continuing to be owned by the company.

Invest in local capacitiedDEEP has shown that investing
in local capacity ensures an adequate leveof
preparedness to quickly deploy ML when the need
arises. WFP calls for more collaborative efforts to train
local drone operators and ML analysts.

purposes. The UN Secretary AT AOAT 60 21 AAT AD &l O

Digital Cooperation higHights the need for greater

coordination in capacity-building and developing

common standards to guide the private and public
sectors in ensuring more data become available as
digital public goods, while respecting privacy and

confidentiality. In that context, there are four main

areas to consider for scaling these methods and benefits
for governments and agencies.
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Virtual reality to strengthen natural disaster management

GozdeAkarsu, EekeBastiaansenMarieke Holownia, Katharina Seper(Wageningen University, the Netherlands)

Key messages

Virtual Reality proves itself to be instrumental in all three phases of natural disaster management: preparedness,
response and recovery by bridging the gap between knoetlge and action.

Even though some barriers, such as price and user experience, are projected to be improved or even overcome in the

future, proper action still needs to be taken to ensure effective and efficient implementation in natural disaster

management.

Policy- and decisionmakers are able to influence the future development of Virtual Reality in natural disaster
management: the described scenarios and key recommendations give guidance to do so.

Introduction

Due to the growing occurrence of natural disasters all
around the world, there is an increasing need for more
efficient and effective natural disaster management
(NDM). NDM is the systematic process to save human
lives, divided in pre-, during-, and postdisaster actionst
However, a gap between knowledge and action exists in
all different phases of NDM.Firstly, due to the nature of
natural disasters, it is impossible to prepare and train
under reallife conditions, limiting the learning
experience of firstresponders, civilians and city
planners. Next, during disaters, communication is key
to reach people and to arrive at locations in most need
of assistance. Lastly, as a result of destruction and
devastation, it becomes difficult to visualize possible
pathways to recovery, since danger levels are still high,
and resources are scatteredVR poses a solution to all
these problems and its application in NDM will be
essential in the future Moreover, VR cannot be ignored
anymore: it has grown exponentially over multiple
markets and is proected to have a worldwide revenue
of USD 40 billion by 20244

Current Use

Already, VR is used to simulate floods, earthquakes
wildfires and hurricanes in all three phases of NDNk®

In preparedness, VR is used for simulations, training,
early warning systems, monitoring, and awareness
raising.10222 |t can be used together with smart systems
based on artificial neural networks and drones to
improve prediction of forest fires and support

coordination on the ground? Further, VR is used for
real-time response during natural disasters via
information systems, for example forecasting and
visualization of wildfires in virtual GIS101121 VR

recreates what is happening in real time by combining
the location of human and material resources with the

135

propagation of wildfire, enhancing decisioamaking on
the ground’ Finally, for disaster recovery, VR has
proven essential for the reconstruction of buildings, as
it provides a safe envionment to recreate and illustrate
the possible pathways to recoveryl.1214|n general, VR
proves crucial when a situation is Dangerous,
Impossible, Counterproductive, or Expensive (DICE),
which is the case with most natural disasters3

Benefits

Preparedness

With VR first responders and citizens can be trained in
situations that cannot be simulated in any other
way.17.22 Simulations create a sense of confidence, give
first-responders space to practice and make mistakes,
and improve their reactions during a disastef1.14.17.2%25
Citizens, including vulnerable communities, can also be
trained. For example, by showing them possible
evacuation routes?0232426 Through training, their
ability to evaluate risks increases and their reaction
time reduces?® Furthermore, many people are unaware
of the risks of natural disasterst115.17.19VR can, through
its immersive experience, create consciousness on
urgency to act's Additionally, natural disasters can be
simulated in existing locations, and through this
recreation, fragile infrastructure and danger zones can
be pointed out512 This new way of risk assessment can
directly determine how many resources the city and
community need to improve resilience for future
disasters, which is one of the most effective loagerm
strategies12.1826 Furthermore, VR offers collaborative
immersive spaces which allow different experts
worldwide to work together in the same virtual
environment, creating more enhanced and coordinated
solutions 5:12.17.19,22



Response

Through the training of first responders, the quality of
response during natural disasters improves. Muscle
memory is developed because their mind and body have
been in the situation beforets.17 Through the improved
orientation in VR and the experience of first responders,
more knowledge about possible natural disaster
scenarios is gathered. This can create better decision
making on how and where to respod. Furthermore, VR
enhances the understanding of different elements in
infrastructure, such as power and waterlines,
consequently improving decision making without the
risk of neglecting these elements? Through
technologies such as VRglasses, better response during
a natural disaster is possible by directly sending data to
people in command who can, in turn, develop a more
accurate response9 Another example is the trackng of
wildfires with drones and 360° cameras, which, help to
develop a real time algorithm to locate the fire:20

Recovery

Through the enhancement of preparedness and
response, also the recovery phase improves and the
time to return to the initial state decreases
significantly.’® Besides, the enhanced visualization of
the aftermath facilitates recovery by pointing out the
most critically damaged areas and identifying missing
infrastructure to create routes of alternative accesg®
Recovery plans are improved, resource suppliance is
better coordinated, and rescues can be accelerated
when drones, 360° cameras, infrared cameras are
coupled with VR?7.28 The collaborative ability of VR
enables multiple teams to work on one virtual
environment at the same time, contributing expertise
from different fields and perspectives:12 Also, in virtual
environments, damaged buildings and critical
infrastructure can be recreated in an inexpensive way
to reconstruct and display possible ways to
recovery 51112

Barriers

Data Security

In order to accurately visualize the virtual world, cata
needs to be tracked and integrated directly during the

VR simulation. This data can be information, such as city
maps, but also more sensitive data, such as biometric
AAOAR OEA OOAOBO ET OAOAAOQEI
and personal information10.15.2029Therefore, it needs to

be known if and how this data will be saved, sold and
what will it be used for by companies providing VR
experiences!s To get to the forefront of this issue,
decision- and policymakers will have todecide early on
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what protections should be in place for personified data,
especially in an emerging technology like VR2.14.15,:30

Price

Even though the development costs of VR applications,
its software, and thedevices have dropped, the price
remains a significant barrier. Multiple experts have
indicated that the price of the development and
production of virtual environments are currently still
too expensive to be widely used?12.14.18.19Especially for
public research institutions, the technology is not
readily accessible and the price is perceived as a
significant barrier to its use in. However, if compared
with the costs of recovery of natural disasters, these
investments in NDM are extremely important, since
they are only a fraction of the necessary money for
recovery in unprepared areastt 1822

Availability

Within availability, two problems arise when looking at
VR and NDM the necessary internet connection and
available data bases necessary for software
developmenti2 Internet connection is crucial for the use
of VR, especially when utilizing it in reatime during
natural disasters. Moreover, low bandwidth potentially
limits the applicability during natural disasters as well,
since reliable realtime information cannot be
guaranteed if bandwidth is not large enough?.20.30
Moreover, the creation of virtual simulations of natural
disasters requires large quantities of datasets in order
to run smoothly, hence the availability of data bases for
software development hinders its usage.

User expeience

Cyber sickness is one of the oftementioned limitation

in the usage of VR, which is assured to improve in the
future as the technology develop$9.11.13.1%19 However,
nowadays, it is advised to not keep the headset on for
more than 30 minutes!3 VR is still a simulation in which

it is impossible to expefence all the senses of the real
world. Fire hazards, for instance, can be simulated, but
smoke, wind and the sense of smell are not possible to
simulate as of yetil.17.22Related to the user experience,
is the currently existing malebias related to the
hardware of VR.Here, the headmounted devices and
controllers are not tailored to women as they are not
comfortable for female heads, hair and hand¥:12.13

Fronh Préseht tl ViHdal REMG Fitlrdy AAOEA
The following scenario analysis presents four future
developments of VR in NDM. All of them are pboratory

scenarios, equally likely to be chosen and policymakers
are still influential in which scenario becomes realitys!



The main driving forcesare software application and
software availability. Software application is framed in
between tailored and standardized, signifyingdr which
kind of customer, disaster and location VR software has
been developed. Software availability is framed as open
source or cbsedsource, which entails if the source
codes, design documents, and content are made freely
available or are distributed under licensed agreement,
respectively. The subsequently designed scenarios are:
Niche Realities, Virtual Selection, Structured
Innovations and VR in this together.

Niche RealitiesThis scenario is characterized by steady
innovation of VR in NDM, stimulated by high
investments from the private sector. As the technology
is closedsourced, specialized VR companies, corporate
tech giants and NDM corporates are the main
distributers of VR. Consequently, VR products are high
quality, are well integrated and prove to be highly
profitable. The quality is substantial as it is tailored to
each given situation, natural disaster, user, antbntext.
Therefore, the effectiveness of VR for the specific
disasters is particularly high. Local governments have
EECE ET OAOAOO ET 623 dnakih® A
is mostly left to them and virtual environments can be
completely tailored to their needs. This increases cost,
but quality and effectiveness are prioritized. However,
due to the focus of the private sector on profitability,
transparency on data collection is only considered when
it is in their interest. The price of VR can result in a
digital divide as not all actors can purchase it. However,
poorer realities are not left out, as they can count on
disaster relief organisations, that together with local
governments, are the main purchasers of VR for NDM.
In this future, NDM is mainly focused on response,
where its highly effective through the contextspecific
solutions, and preparedness, where efficiency is
guaranteed due to the creation of exact environments
where first responders and citizens can train in their
local surroundings.

Virtual Selection In this scenario, VR software is
tailored to specific locations, disasters and situations,
incorporating the needs of the local community, who
easily utilize the technology as the threshold is low. The
guality is increased, however, the develoment is time
consuming and not streamlined due to VR being open
sourced. Nevertheless, because VR software can be
freely transformed and modified, development is
broadened, and experimentation opportunities are
brought to the table. However, since many caaccess
the software and government have not pushed for data
regulation, data transparency is not guaranteed. Also,
the private sector is not interested in investing in VR for
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NMD as its software is fragmented and accessible for
everyone, so less profitale. Nonetheless, the private
sector collaborates with other stakeholders as the
production of VR hardware is still profitable and
demanded by the market. To stimulate its usage in NDM,
governments provide incentives, such as subsidies,
grants and promotional programs, to level the lack of
private investors. Furthermore, decisioamaking on
where, when and how to use VR in NDM is done by local
governments, although they mainly use it for
preparedness and recovery. For instance, in this
scenario civilians canbe immersed into their own local
environments during virtual natural disaster training
and local engineers can investigate specific
infrastructural improvements for their town.

Structured Innovations This scenario is characterized
by applications of VR m NDM that are standardized,
which facilitate broad public use. High standardization
lowers development costs, since specific conditions do
not need to be met and one software is consistently
applied. This appliance is supported by the low
threshold for using VR in NDM and facilitated through

Einternatibral cOlBHoratibn dnd Adei€dfindking. For
instance, VR is used widely in training for natural
disasters, however, without local conditions. Overall,
preparedness is improved because everyone is trained
in frequently occurring situations in natural disasters.
Moreover, cooperation between worldwide experts is
made possible because of international coordination in
NDM and openrsource VR software, which is proven
crucial during disaster recovery. However, evethough
VR is opensourced, the hardware and software are
licensed out by private companies and overseen by a
certification body, which creates some general
standards for VR. The certification body is established
by the government and helps to reduce the aount of
fragmentation, which decreases possibilities of
experimentation, limiting technological innovation. In
this scenario, governments are the major investors and
encouragers for VR in NDM, as the private sector
concentrates on development and distribubn of the
technology in other sectors. Therefore, the government
offers funds and grants to level this private disinterest
in NDM. Finally, data collection is transparent as the
government, due to public concerns, has cautiously put
in place regulations @ the collection and use of
personal data, but privacy issues are not completely
overcome, the technology stays opesource.

VR in this together The scenario is characterized by
public and private partnerships as the government
recognizes VRs potentiali NDM. The private sector has
most ownerships rights and therefore, collaboration



between the government and this sector is essential to
standardize the technology for the greater public. Due
to this collaboration, the quality of the product is high
enoughto be utilized generally and the threshold to use
VR is low. International organizations and governments
buy into the technology to apply it in programs and
international efforts on NDM. Additionally, VR is
especially applicable in disaster educatiomeaching as
many communities, regions, and countries as possible.
This signifies an extensive use of VR in preparedness, as
it is commonly accepted that, in order to raise
awareness and train citizens, the recreation of a specific
and localized environment isnot necessary. Rather,
most participants are trained with VR on the most
common risks and strategies within NDM, achieving a
cost-effective way to standardization. However, this
also brings with it a loss of contextspecific answers to
NDM, which affectsVR usage in reatime response and
recovery, because here details, such as local
infrastructure, are essential to use the technology
effectively. Furthermore, to gain public trust and
address data security concerns, governments facilitate
legislative reguations on the transparency of data
collection and use. Altogether, these factors contribute
to its wide-spread use and global applicability.

Key recommendations

1 In order to avoid the exploitation of sensitive data,
governments should consider adoptingstronger
legislative frameworks on transparency of data
gathering and usage.

1 To facilitate the wide-spread and effective usage of
VR in NDM:

o Standalone VR devices, where software and
applications are installed in advance are
independent from an internet mnnection and
need to be developed and promoted.

0 Mobile local networks need to be considered
and created to aid and guarantee VR usage
during natural disasters.

0 Governments should consider investing into
VR hardware and software for usage in
governmental programs in NDM.

1 Regarding needdriven and contextspecific
innovation, the United Nations and government
sectors should consider stimulating publieprivate
partnerships.

To promote research and development into the use of
VR in NDM, opersource VR softwarewill have to be
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considered by governmental institutes to create equal
access to these innovate resources
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Abstract

Advanced digital technologies are set to change the way we work and live. Policy makers at the national and
international levels argue tha harnessing these new technologies holds out promise for developing nations to increase
their industrial productivity and growth rates, while simultaneously assuring more sustainable patterns of production
and consumption. While much has been written abduthe promises and future risks of 4IR technologies, there is
surprisingly little empirical evidence on their adoption and impact at the firm level, either qualitative or quantitative.
This is especially the case for developing countries and notably for and and small enterprises even though they
constitute the majority of firms in developing countries. In this contribution we present the results of a unique survey
carried out by researchers at the University of Johannesburg measuring the adoption of dajitechnologies in micro
and small enterprises. The results show that micro and small enterprises do adopt new digital technologies and that
their adoption can have a positive impact on their capacity to develop and implement new products, services and
processes. The survey also explored the importance of key constraints on the development micro and small enterprises
including those linked to finance and training and skills needs.
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Introduction

New and disruptive technologies, including advanced
robotics and 3D printing, machine learning, big data
analytics, cloud computing,the Internet of things (1oT)
and smart sensors are set to change the way we work
and live. Summed up under the notion of the Fourth
Industri al Revolution (4IR), thesagechnologicalchanges
are characterized by the integration of new automation
technologies with big data analytics and increased
interconnectivity through the Internet as a basis for
flexible and intelligent manufacturing that canimprove
enterprise efficiency and competitiveness. The 4IR
extends beyond the factory gates to include the
transformation of value chain relationswith increased
interconnectivity across geographically dispersed
stages of the value chaipotentially providing the basis
for satisfying consumer needs in a rapid and flexible
manner. The 4IR will also have a major impact on the
economy by transforming businessservices involving
new uses of data depending on internet
interconnectivity and the delivery of new services,
including financial, energy and supplychain services,
through digital platforms.

Policy makers at the national and international levels
argue that harnessing these new technologies holds out
promise for developing nations to increase their

industrial productivity and growth rates, while
simultaneously assuring more sustainable patterns of
production and consumption (UNCTAD, 2018, World
Bank 2019). This is linked to the understanding that
technological change is now occurring at a more rapid
pace thanever before,and that the solutions these new
frontier technologies offer are better, cheaper and more
scalable than what has been available in the past
(UNCTAD, 2@1).

While much has been written about the pomises and
future risks of 4IR technologies, there is surprisingly
little empirical evidence on their adoption and impact at
the firm level, either qualitative or quantitative!l This is
especially the case for developing countries and notably
for micro and small enterprises (MSE) even though
MSEs constitute the majority of firms in developing
countries. Micro and small enterprises play an essential
role in the economy. They provide mucineeded job
opportunities for burgeoning youth populations; they
are a recognized source of new ideas in the
implementation of new product and services; and they
provide essential inputs services for larger exporting
firms. Successful small businesses can grow and acquire
a larger stake in the economy.

In order to contribute to filling the big gap in our
knowledge about new technology adoption and its

1For an overview of the literature, see Lorenz, KraemeWbula and Tregenna (2019).
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impacts on micro and small businesses, researchers at
the University of Johannesburg carried out a unique
survey in the Johannesburg region focusing on
manufacturing secor MSEs including norregistered
businessest A wide definition of 4IR technologies was
adopted in recognition that MSEs typically lack the scale
of production and financial resources needed for
adopting more capitatintensive technologies such as
interconnected robotic systems linked to centralized
data management systems. This wide definition
includes the adoption or use of digital tools and services
AOOi AEAOAA xEOE xEAO EO
OOAT OA&I Of AGET 1 6
world.2 This includes a £ZEOi 8 O
engagement with technologies accessed through the
Internet on digital platforms. Examples include the use
of mobile money for making payments, the use of social
media as a tool for knowledge exchae, marketing and
access to information, and accessing digital platforms
for the on-line marketing of goods and services.

Key results from the survey show that MSEs do adopt
new digital technologies and services and that these can
have a positive impact @ their capacity to develop new
products, services and processes. The survey also
explored the key constraints on MSE development
including those linked to finance, and skills needs.
Below we present a summary of the basic finding
regarding new technologyadoption and we draw out
the main policy implications. We present the results of
a regression analysis showing the relation between the
adoption of selective new digital technologies and the
AEOI 60 ETTT1T OAOQETI
Descriptive statistics MSEpopulation,
technology adoption and innovation
performance

Table 1gives the distribution of the sample population
by size in terms of employment. Of the 677 firms
surveyed slightly less than 67 percent were micro with

5 employees or less, and just over 33% wersmall sized
with between 6 and 25. About 33 percent of the total
sample of businesses are registered with the South
African Revenue Service (SARS). The share of firms
registered increases with size, passing from 17% for
micro enterprises to 41% for smallsized enterprises.

1 This surO A U
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Table 1 Distribution of firms byemployment

Size category Micro Small Total
S v 6725
employees | employees
66.9% 33.1% 100.0%
N 453 224 677

Data source:lnnovation in Micro and Small Enterprises in
Johannesburg Survey, University of Johannesburg, 2019.

Table 2shows the adoption rates of 4 technologies that
play a key role in the ability of MSMEs to participate in

I £die digielfemActny Alese driclud@ IvirgbysineSsA E (
A © O Oveloging U OViebsHd, engaging ini ecominera®,eUAing Adcial media
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business website have dramatically declined with the
availability cheap web design packages and of the four
digital technologiesconsidered having a websiteis the
second most frequently used, concerning 23.8%f the
sample of firms There are large differencein adoption
rates across firm size categories with 9.5% of micro
firms having a website compared to 43.7% for small
sized firms respedtively. This may reflect that micro
AT O A O beokaHe Adddssaryskills or knowledge for
setting up a website or it may simply reflect a
perception that there is little to be gained in so far as
their markets are limited to a local neighborhood On
line commerce has expanded since it has become
relatively easy to set up an online store. Small
businesses only need an internet connection to run
various e-commerce solutions and a shipping process.
As in the case of having a business websjtadoption
ratesare very low for micro businesses at 6% compared
to about 22 for small sized enterprises.

Social media has multiple uses. It can be used as a
marketing tool for sales promotion and to provide
customer service and support. It can also be used as a
tool for knowledge exchange and for employee learning.
Blogs, social networks and forums can be means for
exchanging ideas and for acquiring ideas about new
technologies and product8. Using social media only
requires a smart phone and an internet connectionOn
averageat 32.4% it is the most used of the 4 digital
technologies examined. Further, the differences in
adoption rates between microand small sized business
are less pronouncedcompared to those for having a
website or using ecommerce which reflects the low

South African Research Chair in Industrial Development, at the College of Business and Economics, University of Johannesburg.

2 see the AT O1 O0OU AEACT T OOEA

OADPT 000
https://www.worldbank.org/en/topic/digitaldevelopment/brief/digital

AEOT i OEA 717 01 A
-economy-country-diagnosticsfor-africa

3 See Bhimani et al. (2019) for a survey of the literature on social media and innovation.
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cost and accessibility of social media in terms of skills
requirements.

Table 2 Shares ofirms adopting new digital technologies

Micro Small Total
i S v (6-25
employees) | employees)

Business website 9.5% 43.7% 20.8%
E-commerce 6.0% 22.3% 11.4%
Social media 27.2% 42.8% 32.4%
Mobile banking 5.5% 15.2% 8.7%
N 453 224 677

Data source: hnovation in Micro and Small Enterprises in
Johannesburg Survey, University of Johannesbyrg019.

The rate of adoption of mobile bankingis quite low
especially when compared to thewide use of on-line
mobile money services by small businesses iauchEast
African countries as Kenya or Uganda The low
adoption rates among micro and small businessesan
be explainedin part by the fact that mobile banking in
South African is a service mainly offered by the banks
and requires a bank account which micro enterprises
and small firms often lack. There 9 very limited
diffusion in South Africa of mobile money or mobile
wallet for which a bank account is not required and
where value is stored virtually (emoney) in an account
associated with a SIM card.

Table 3 shows that MSME do innovate new products,
services or processes and that while the rates of
innovation for micro firms are lower than for small
sized enterprises, the difference is less pronounced than
for the adoption of such digital technologies as having a
website or engaging in ecommerce. Whilethe rates of
innovation may appear high, it needs to be appreciated
that the figures are for innovations that are new to the
firm but not necessarily new to market and much of the
innovative activity measured will be the result of the
diffusion of new products, services and processes that
haven been developed elsewhere.

Table 3: Newproducts,services omprocessesntroduced in

2019.
Micro Small Total
i S v (6-25
employees) | employees)
New to the firm 28.5% 46.0% 33.1%
innovations

introduced
during 2019

N 453 224 677

Dara source:lnnovation in Micro and Small Enterprises in
Johannesburg Survey, University of Johannesbyrg019

Table 4 presents the results of the regression analysis
showing whether the use of the 4 digital technologies
has a positive impact on the likelihood of innovation.
The strongest positive result is for the use of social
media which shows the potential of lis technology to
be used for knowledge sharing and for acquiring ideas
for new products, services or processes. The results also
show that the use of mobile banking, although not
widely adopted, has a positive impact on innovation. A
possible explanation is the savings of time and
transactions costs that mobile banking results in, thus
freeing up resources for other uses including
investments in innovation (Bangens and Soderberg,
2011).

Table 4: Probit regressionmpact of newdigital technologies
on innovation

VARIABLES New Fo Firm products,
services or processes
Business website -.23
Social media AhrE*
E-commerce .18
Mobile banking 40
Size
Micro reference
*kk
Small 40
Constant - 71%*
N

*** significant at .01 level; ** significant at .05 level
The regression controls for sector of activity

Conclusions and recommendations

Micro and small enterprises do innovate new products,
services and processes and the evidence from the
University of bhannesburg survey shows that the
adoption of social media and mobile banking can have a
positive impact on their innovation performance.
Adoption rates are low with less than half of the
businesses using these technologies and the rates are

1 World Bank Enterprise survey datafor 2013 shows that about 49% of firms in Kenya and 43% in Uganda used mobile money at
this time and that the adoption rates werehigher for small than for mediumsized or large firms. e Lorenz and Pommet (2020).
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especially lowfor micro enterprises. This points to the
need for polices to support the adoption of digital
technologies in these firms. Micro firms in particular
face important constraints in finance and skills
development. Over 45% of the micro businesses state
that they are credit constrained and could benefit from
more inclusive access to mobile banking services. Over
64%% of the micro businesses state that have
difficulties finding employees with the required skills
and there is limited access to the external traimg
needed for more technical and business management
skills. Less than 3% of the entire population of
businesses state that they have benefited in any way
from government subsidies or incentives and a similarly
small share state that they have received gyport from

a formal institution such as a government agency, a
university, NGOs, or incubators. The results from the
survey indicate that there is an unrealised potential for
micro and small enterprise to benefit the economy
through their capacity to devebp new products,
services and implement new processes. Government
policies could usefully support the creation of
technology platforms promoting the development and
adoption of digital technologies. Stadups and
technology adoption in young firmscould besupported
through policies to finance ncubators, accelerators and
seed investment funds. Finally small and micro business
can succeed in knowledge intensive sectors such as ICTs
and pharmaceuticals and for these firms there is a need
to promote links between micro and small firmsand
universities and technical transfer institutes. Micro
firms have been largely ignored in the policy debate due
in part to the lack of available evidence on their
activities and performance. We believe that the results
of this survey point to the need for more specialized
surveys on technology adoption in micro and small

firms that largely remain a hidden engine of
innovativeness in the economy.
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D. Big Earth Data, satellites and remote sensing

Utilizing advanced sensing technologies for S DGs

Ryuichi Maruyama and Michiharu NakamuréJapan Science and Technology Agency

3AT OET ¢ AO A Al OA OAAET dgicdtue,U hedlthcare) 3infrastruciire, O moBilily,’ O
meteorology, and ocean studiesln such applications,
along with cloud computing, advanced sensing
technologies incorporated in the Internet of Things
(IoT) play key roles.

All science begins with measurement. By extending our
bodily senses, sensing technologies enabies to reveal
the laws of nature, quantif the state of society we live
in, and act uponthem according to our needs The very

existence ofthe manifold global challengesdentified in For example, data obtained from satellite observations,
the UN 2030 Agendaould only be recognized through combined with data from field observations, are being
measurement countermeasures for them can also be used to solve global challenges such as
sought only throughmeasurement In the recent COVID mitigating/adapting to climate change, managing water,
19 pandemic, rapid, accurate, and reliable PCR tests are ~ Preventing air pollution, and conserving forests. The
crucial for early detection of infection, enabling early Group on Earth Observations (GEO)@ is an
treatment and isolation. Around the world we have international framework that pIayS a major role in earth
been reminded of the significance ofdiagnosis and observation. DIAS B, Japan's data infrastructure,
inspection. integrates and accumulates various types of largscale

. . LA e A st m s e e A e A data, including satellite ohservations, andhaslgeenu ed
OSECEOAT OOAT O/ OI AGET T8 Ao Jafbliel phpotdh, Ao high obdigor drdaght 7
future growth in many countrlfs,’reqqlrgszda'ta obtained prediction in.Asia and.Africa contributing. to he watet .
AU OAT OEI ¢8 *ADAI SO AECEOAJ ouFBé)rﬁah%Béﬁbn‘Pdla(ﬁsQerDA profeds. AOEOA
Ol x AOA OEA OEOEI In WhI(ZEdE(fBSIAEROU V8Tmo h E

obtained in physical space is processed in cyberspace  These are just a few examples of sensing technologies
and then fed back into physical spacel. Digital utilized in STI for SDGs. Sensing is one of the core
transformation is implemented in various fields such as technologies that cut across many of the SDGs (Table 1).

Table 1: Example ofipplications and technological challenges of sensing technologifes SDGs

Application field (SDG) Possible applications and challenges of sensing technologies

Agriculture (SDG2)

J

applications: Crop growth monitoring using drones, automatic tractors, satellites, etc.; sensing for
improving water and fertilizer use efficiency; photosynthesis measurement for quantifying material cycle
in the farm field; food taste and smell sensingpod safety andfreshness management; Point of Care Test
(POCT)

N challenges: Prediction of changes in the field environment due to global warmingalizing automation by
sensor fusion

Healthcare (SDG3)

J

applications: Measurement of healtirelated data by wearabledevices, implantable devices and the

devices put in the ambient environment (healthcare 10T) for early prediction, detection and management|

of diseases, e.g. continuous glucose monitoring (CGM)

in challenges: Biochemical measurement by minimally invasive desgs with long lifetime; data processing,
clinical study to derive medical value from measurement

Water and Sanitation N applications: Monitoring of global water cycle including rainfall, snowfall, river flow, evapotranspiration,

(SDG6) groundwater, etc.; water quality testing; control, diagnosis, and maintenance of water treatment facilities
and culvert facilities by integrating sensor technology, ICT, and Al

N challenges: Improvement of the accuracy of precipitation observation and flood forecasting; datavesage

of groundwater, snow cover, and typhoons
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degradation measurement

Energy (SDG7) N applications: Prediction of sunshine duration and air flow for renewable energy; power monitoring for
grid stabilization; preventive maintenance of power generation, transmission and distributn systems;
environmental impact monitoring; nuclear safety monitoring

in challenges: Sophistication of weather forecasting; smart meters for small power customers; equipment

Economy (SDGS3), N applications: Analysis and measurement systems for advanced research; automation of production
Innovation and systems; monitoring of aging deterioration of social infrastructure; prediction, detection, and impact
Infrastructure (SDG9) assessment of natural disasters

in challenges: Developing frontiers of scientific instruments; application of Al; operando measurement;
manufacturing process measurement; wide area monitoring

Cities (SDG11) in applications: Dynamic maps for realization of automated driving; measurement of urbbaenvironments;
crime and security monitoring; disaster measurement
N challenges: Data utilization to mitigate traffic and communication congestion; data processing technology

ET OEA AOA 1T &£ OOOEIIT EI 1

OAT 01 0056

Production (SDG12) exploration and measurement

Consumption and N applications: Monitoring food loss in the supply chain; monitoring resource reuse; natural resource

in challenges: Advanced logistics monitoring (e.g. using blockchain)

Climate Change (SDG13)n applications: Earth observation; earlywarning systems for extreme weather conditions such as droughts,

floods, etc.
in challenges: Sophistication of satellite observation, atmospheric measurement, and oceanic measureme|
Ocean Biosphere N applications: Observation of biodiversity; managerant of marine ecosystems; measurement of marine
(SDG14) plastics

in challenges: Sophisticated satellite observation; autonomous undersea sensing

Land Biosphere (SDG15)[n applications: Forest conservation; biodiversity observation; management of forest ecosystems
in challenges: Advanced satellite observation; Utilization of drones

Source: created by the autharbased on past reports from the Center for Research and Development Strategy, Japan Science and Technology Agency

Emergingtechnological frontiers of sensing

Sensing technologies continue to advance in three
directions: (1) modality and performance enhancement,
(2) usability enhancement, and (3) functional
enhancement. Innovative technologies are emerging in
all three aspecty(Figure 1) [4l,

1. Modality and performance enhancemeribeveloping
new physical, chemical, biological, and quantum
sensors will enable previously impossible
measurements. Even in the existing sensing
modalities such as electromagnetic waves,
measurement in he terahertz band, which has been
difficult to generate, control, and detect, has
recently become possible. Terahertz imaging is
expected to be applied in various situations such as
living cell imaging®! or hazardous gas detectioff!.
In addition, achieving higher precision or sensitivity
can open completely new applications. For example,
a high-speed camera and computer vision at a frame
rate of 1000 frames per second (much faster than
perceivable by humans) have been realized and are
expected to be apped to high-speed inspection,
intelligent display, robot manipulation, etcI7]
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2. Usability enhancementReduced size, lower power

consumption, lower cost, durability, and easy
maintenance are required for implementing a large
number of sensors in society.In healthcare, the
wearability of sensors is also important. Among
emerging wearable technologies is a device that
measures the oxygen concentration in the blood by
attaching an elastic film with optical sensors to the
skin 8 or an EEG sensor with a fléble amplifier
circuit built into a sheet[.

Functional enhancement The measured data are
combined, analyzed, and interpreted by the
integration of Al technology in the sensing system.
Autonomous measurement enabled by mobile
robots is another path to achieving higher
functionality of sensing.



Figure 1. Three directions of emerging sensing
technologies.

Modality and performance
enhancement

Diverse modalities,
higher precision, sensitivity, speed

Taste,
smell sensors

BMI (EEG, efc.)

Chemical,

biosensor Flexible, bgndable

sensors

Machine learning Social media
analysis Infrastructure embedded

Inverse analysis Sensor MEMS

Process, analyze “Trillion sensors”

interpret Energy harvesting
Wearable

Non-ifvasive  Usability
enhancement

Small, low power consumption,
low cost, durable, easy maintenance

Functional
enhancement

Semantic or autonomous
measurement

Source: Modified and translated from [4]

Today, many sensors are connected to the cloud,
forming a CyberPhysicalSystem (CPS). Such a CPS
requires edge devices and high-performance cloud
servers and networks on which data are gathered,
integrated and analyzed by advanced Al and machine
learning methods. The three directions of technological
advancement, namely, (1) modality diversificatiorand
performance enhancement, (2) usability enhancement,
and (3) functional enhancement correspond roughly to
technological challenges atthe sensorlevel, sensor
terminal-level, and systerrlevel, respectivelyol.

1. At the sensorlevel, the main challengesare to
achieve high sensitivity and diverse modalities
making use of innovative detection principles, novel
materials, quantum technologies, biotechnologies,
ICT, etc.

2. A =nsor terminalrefers to a device installed near
the measurement target, consistingof sensors,
analogto-digital conversion circuits, batteries, and
communication circuits. How to integrate and
implement various functional blocks such as sensor
control, analog front end, temporary data storage,
data conversion, feature extraction, powersupply
control, energy harvesting, and communication
functions in one device (e.g. on a CMOS board) is a
challenge at the sensor terminal level.
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3. At the system levelthe challenge is to design the
architecture of the sensing system, which consists of
edgeside equipment, sensor terminals, and
networks. Systemlevel challenges include: sensor
fusion, which combines multiple sensing data to
extract valuable information; eventdriven sensing,
i.e. actuating or modifying information transmission
to upper/lower layers upon detecting a temporal
change in sensed data; active sensing, in which
actuators and sensors work together to actively
acquire the next data based on the previous data.
The reliability and security of sensing systems are
also major issues.

If conducted independently, R&D at each level will not
lead to a useful sensing system. Coordination of R&D at
all three levels according to the overall architecturds
necessary. It is also important to promote
standardization of technologies in each layer witim the
framework of the CPS in order to expand the range of
applications.

Utilizing advanced sensing in international
projects on STI for SDGs

The Council for the Promotion of Science and
Technology Diplomacy, established by the Ministry of
Foreign Affairs of Japan, has positioned STI as a
"bridging force" that contributes to the SDGs and
emphasizes the importance of acquisition and analysis
of global data 'Yl . To fully utilize advanced sensing
technologies for SDGs, international collaboration is
essential. SDGs call for building, boosting, and brokering
STl in international partnershipsit2l,

I'TA OOAE EO * Al
Technology Research Partnership for Sustainable
Development), which promotes joint research with
developing countries funded by a combination of the
national STl budget and ODA. SATREPS addresses
problems that cannot be solved by a single country (i.e.
Ooci AAl EOOOAOG6Qq ET OAOET OO
energy, bioresources, disaster prevention, and
infectious diseases. Based on the needs of developing
countries, the program aims for research outcomes of
practical benefit to both local and global sociy. It also
emphasizes human resource development in
developing countriesital,

SATREPS has implemented 157 projects in 52 countries
between 2008 and 2020. In many projects, sensing
technology has played a major role. The following are
some of the recenexamples.



In a project led by Tsuboi et alil4, research on traffic
flow analysis and management based on traffic big data
is conducted in Ahmedabad, Indialsl. They are
inventing methods for data acquisition and analysis
suitable for the unique traffic situations in the city
(where roads are congested with small vehicles),
combining multiple sensing methods such as the
installation of traffic cameras, drones, and onboard
cameras. Utilizing such data, they are aiming toward a
low-carbon smart city where multimodal
transportation is realized.

A project led by Wada et altél, aims to build sustainable
aquaculture technology in Indonesia. They have
developed a sensor node that is sefiowered by solar
panels, and are working to collect big data orhe local
marine environment (water temperature, dissolved
oxygen concentration, salinity, chlorophyll, etc.) and the
production history of marine products. The
advancement of aquaculture and fisheries is expected to
lead to virtuous economic cycles in fisimg villages and
sustainable production of marine productsi7l.

Another project led by Inoue et all*8l aims to realize a
real-time earthquake intensity observation network in
the Philippines. They developed and installed
networked intensity meters conssting of an
inexpensive digital acceleration sensor with sufficient
resolution, a seismic intensity display, and a data
transmission devicelt9, This system contributed to the
evacuation of residents during the initial response
phase after the eruption ofTaal Volcano in 2020.

There are many other examples in which data usage
played a key role in problemsolving programs, such as
climate change prediction(29, the development of an
early warning system for infectious diseaseB!lin South
Africa, or the construction of a climate change
adaptation strategy in Thailand[22l. In such programs,
systems for collecting, sharing, anaking, and utilizing
data from satellites, oceans, or field observations are
providing the means to solve socigeconomic problems

It is crucial that the technologies and experiences
developed in the SATREPS project, customized to local
needs, can also be adapted for application around the
world. In addition, a lesson learned from all SATREPS
projects is the importance of fosteringa longterm
international network of researchers.

Challenges in the utilization of sensing data for
SDGs

Emerging sensing technologies can provide powerful
innovative solutions to global problems. On the other
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hand, when handling the data obtained from sut
technologies there are institutional, social, and ethical
issues to be addressed.

Open data and data platformThe importance of "open
data,"” where research data is disclosed and shared, has
been highlighted 231. We must establish rules for
ensuring data reliability, access, and reuse. Well
maintained data platforms should be built at the
national level for global use.

Security of sensing systemAliowing sensing systems to
be eavesdropped on or hijacked by a cybettack
causes serious damage to societ Proactive
countermeasures to cyberattacks are necessary.

Ethics in sensingData related to healthcare or other
personal activities require sensitive handling to protect
privacy. Sensing technologies may be diverted to
military use contrary to the developer's original
intention. Tampering or misuse of measured data can
have an enormous impact on society. We must
anticipate such issues (ELSI) and maintain integrity in
R&D.

In summary, we examined how the development and
implementation of advanced sengig technology can
play a key role in achieving the SDG&ew sensing
technologies will continue to emergeboasting modality
diversification and performance enhancement, usability
enhancement, and functional enhancement. &/

propose the following actions for their better
utilization :
1. Promote interdisciplinary research to create

innovative sensing technologies in ways that
integrate R&D at all layers including system level,
terminal level, and sensor level.

2. Clarify rules for open use of data and establish data
platforms at the national level

3. Expand international partnerships in the utilization
of sensing technology as solutions to local and
global problems.

4. Raise awareness concerning data ethics associated
with advanced measurement and improve cyber
security literacy concerning sensing systems.
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Big Earth Data for Sustainable Development Goals

Huadong Guolnternational ResearchCenter of Big Data for Sustainable Development Goahina

Introduction

The pace of technological development is expected to
continue rising exponentially (Ohmae 2004) with an
unprecedented pace of progress in digital
technologies®, providing new opportunities for
technological solutions to Sustainable Development
Goals (SDGs) (United Nations 2015). Increasing
collaboration in response to the global COVH29
pandemic has brought a chance to diveify our efforts
and enhance opportunities for countries to improve the
extent to which scientific evidence and innovative
technological solutions can be adopted. Frontier
technologies such as artificial intelligence, cloud
computing, and big data all hag enabled synthesis of
reliable information (Guo et al. 2014) The improved
frequency and accuracy of data collection must play a
key role in implementing SDG$Guo et al. 2021)

As witnessed during the pandemic, digital technoldgs
facilitated actions in line with SDGs in different
countries, but sustained efforts are needed for a science
technology-policy framework. Decision makers need
adequate scientific support to interpret and develop
correct strategies, and precisely evalua progress,
limitations, and deficiencies. Unfortunatelypnly 56% of

the 230+ SDG indicators have established methods and
assessment data globally, while only 42% have
established methods but no data, and 2% lack any
method or datet®. Therefore, knowled@ and data gaps

restrict science-driven policy and decision support

systems (Guo 2019) mainly because of regional

differences in abilities, especially in developing

countries (Guo 2018).

The Value of Data: Towards Big Earth Data

Lack of data is limiting progress towards SDGs. For
example, in the Asia Pacific region, more than half of the
SDG targets lack data needed to measure progress on
SDGs in the regiofUnited Nations Economic and Socla
Commission for Asia and the Pacific 2020Meanwhile,
data quality is increasingly critical for big data due to
diversifying sources and formats (Cérte-Real, Ruivo,
and Oliveira 20208 4 EA AT 1T AAPO 1 £
thus emerged to integrate the vast amounts of big data
generated by modern digital infrastructures and Earth
observation. The discipine of Big Earth Data science is
a new approach to evidencéased decision making
towards the benefit of society and the environment,
while ensuring economic development (Guo et al.
2020).

Fig. 1. Spatial distribution and dynamics of global land degradation benchmarks from 2015 to 2018
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Fig. 2. Changes in the ratio of land consumption rate to population growth rate (LCRPGR) of 433 cities in China from 199013
(Guo 2019)

"EC %AOOE $AOA Ai1T OEOOO 1 Aintdgtation ohrAuliAsourceidhtd Bok dxamPié, muktipled O |

interior, land and ocean surface, atmosphere, and near big data sources were ued to evaluate global land
space environment. It is the basis of datatensive degradation from 2015 to 2018, finding China's net
scientific discovery in the Earth sciencegGuo 2017). restored land area increased 60.30%, accounting for a
Big Earth Data provides a comprehensible and intuitive fifth of the world's total, making it the number one
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