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Welcome to the Programme for

People and Planet
Space Week, 17-23 October, 2021

From October 2021 to March 2022, Dubai and the United Arab Emirates
brought more than 200 nations and organisations together to charta
course forward for a cleaner, safer and healthier future for all. Designed
in conjunction with 192 nations and adopted by the UAE Cabinet, the
Programme for People and Planet catalysed global action and impact
and ensured that everyone, from government and business to individuals,
had a seat at the table.

With new forms of partnership atits heart, it prioritised youth,
women and underrepresented voices. More than 19,000 change makers
came from all over the world and were joined by 29 million online viewers.
We started a movement, the momentum of which will shape our shared
future for decades to come. The world identified the most urgent priorities
of our time, around which we convened more than 220 events across
10 Theme Weeks and 15 International Days. This book reflects and builds
on the discussions that happened during the Space Week events, which
included the specialist platforms listed below.

» WORLD MAJILIS: This was Expo's signature platform for Connecting
Minds. Designed to spark exchanges that pave the way for a better
tomorrow, it hosted more than 50 thought-leadership sessions and
included specialist forums dedicated to topical issues centring female
voices (Women's World Majlis) and youth voices (Next-Gen World
Majlis). Topics raised during these conversations are explored in this
book as part of From the majlis and The next gen.

» THEMATIC BUSINESS FORUMS: Designed to harness the
transformative power of business. Expo convened business leaders,
entrepreneurs and public and private institutions to share insights
and highlight opportunities that businesses can leverage for social
and environmental impact. Talking points are analysed in this book as
part of Good business.

» EXPO LIVE: This was Expo 2020 Dubai's accelerator platform for
advancing creative solutions that improve lives and preserve our
world. During Expo, it showcased these solutions, connecting the
innovators behind them to international investors. Several of the
innovative solutions featured in this book are Expo Live beneficiaries.

» GLOBAL BEST PRACTICE PROGRAMME: Expo 2020 Dubai's platform
for showcasing simple yet impactful interventions that localise and
advance the UN Sustainable Development Goals. Several of these
pioneering initiatives feature in this book.

» DIGNIFIED STORYTELLING: A collaborative platform to highlight how
storytelling can uphold human dignity, this programmme was led by
Expo 2020 Dubai, Dubai Cares and the UAE Ministry of Foreign Affairs
and International Cooperation. Session talking points are explored in
The tales we tell.



O FOREWORD

Written in the stars: how the lessons
of space will change life on Earth

Those fortunate few who have had the opportunity to look down on Earth from
space have often remarked how small it is, even in all its glory, when set against the
vast majesty of the universe. As we find our planet’s finite resources increasingly
stretched, itis perhaps natural that we turn with renewed urgency to that which is
seemingly without limit.

In the halcyon days of the original Space Race, in the early days of the United
Arab Emirates, we explored because we could. Half a century later we explore
because we must. Nations large and small, economies developed and emerging,
are taking their first strides among the tapestry of stars overhead.

The UAE is leading by example, conducting the Arab world's first interplanetary
mission just a few months before we hosted more than 200 nations and
international organisations at Expo 2020 Dubai, which was at once a celebration
and acceleration of human knowledge, innovation and understanding.

Whether we are searching for biosignals in the upper atmosphere of Venus or
grappling with the almost impenetrable unknowns of black hole radiation, we are
doing it not just for the human joy in scientific discovery, but in the hope and
expectation that these learnings will positively impact our lives on Earth. These
gains must be shared because any failure to address key challenges will be felt
universally. Our interconnectedness makes us stronger and simultaneously more
vulnerable to shocks.

In the areas of climate change, food security, water management and much
more, our understanding has the potential to be reshaped by what we learn from
the sky above. Yet nobody can do this alone. Nobody needs to do this alone. And
none of us is alone.

Another half century from now on the occasion of the UAE centenary, let us
reflect that we used this era to race not against one another, but for the benefit
of ourselves and others. Through Expo and its legacy we are proud to continue
to provide a platform for collaborative change on this planet and beyond.

Her Excellency Reem Al Hashimy

4 SPACE
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“We must not limit access to
space for new players”

have a confession to make. | snuck into Expo 2020 the week before

Space Week with my kids. It was a chance to experience the wonders
of the world without official cars and people worrying about where | was
and where | had to be. It was magical.

We wandered around, two small people and |, discovering new worlds.
Polish ice cream piled up on cones in impossible curls, Swiss mountain
mists and huge statues of Arab scientists staring into infinity as we walked
past. We tasted Belgian frites, French nougat and Dutch croquettes (and
water that had been taken from the desert skies above us, a true taste of
Dutch ingenuity). We enjoyed Irish hospitality and discovered there was a
country inside of Italy that none of us knew existed.

When Space Week finally came around, | was already in love with
Expo, not only because many countries and traditions had entranced my
kids the week before, but also for the way it demonstrated so impactfully
what we can achieve when we share. And one area where this sharing —
of expertise, experience and capabilities — is more important than ever is
in space exploration.

We are literally entering a new space age. Young nations are taking
their place around the table and discovering new applications and value
in the space sector. »




“The big question is, how do we set policies that do not stifle
innovation and instead lead to better utilisation of space
resources? The answer lies in working together, young
space nations and old alike, public and private sector”

There is an explosion of private sector companies exploring
innovative applications for space-derived data, and ingenious and
challenging start-ups are redefining the very concepts of satellite
design and functionality. Technology is driving new levels of
affordability and accessibility. Gone are the days of 15-year projects
to build satellites and spacecraft the size of cars that cost billions of
dollars and require huge government resources to fund.

Here in the United Arab Emirates, we have seen a transformation
in the awareness of space systems, technologies and research. The
Emirates Mars Mission in particular has resulted in the very effects it was
conceived to trigger — the disruption of our education and research
sectors, the acceleration of development in space systems engineering,
research and STEM (science, technology, engineering and maths)
education, and young people realising that they have the potential to
change the world. We have seen a change in focus and emphasis in our
education sector, and we will be investing in taking that impetus and
turning it into a compelling opportunity to drive the growth of our private
sector space capacity.

Together with an influx of players and applications comes a new
challenge for the regulation and management of space resources. We
must not — indeed, arguably cannot — limit access to space for new players
and the new nations joining existing spacefarers. However, we must also
be mindful of the growing problem of ‘space junk’, with more than 10,000
pieces of measurable debris already forming a dangerously crowded
corona around Earth. Moreover, while the new mega-constellations of
small satellites being launched by companies such as SpaceX and Planet
are opening exhilarating new applications of technologies with a
bewilderingly short delta between iterations of new platforms, such
developments add to the challenge.

Against this backdrop, the big question is: how do we set policies that
do not stifle innovation and instead lead to better utilisation of space
resources? The answer lies in working together, young space nations and
old alike, public and private sector. Space Week at Expo 2020 Dubai
provided a platform for us to explore these topics with our international
partners and with young people and dreamers from around the world.
Now we must take that conversation forward and drive action as one
global community of spacefarers committed to a positive and
cooperative space future ®

Space challenges at a glance

A multiplicity of challenges were identified during Expo’s Space
Week. These need to be addressed to ensure this rich, vast resource is

explored equitably and sustainably

An unsustainable agenda

The benefits of space technology
and exploration do not always
reach everyone equally

Space pollution

The rapid increase in space
exploration has led to
overcrowding in space and the
accumulation of debris

Repeating mistakes

We risk making the same errors in
space as were made on Earth

Applying space on Earth

Lessons learned from space
technology and innovation must be
applied for the future good of Earth

Gender inequality

Women are underrepresented in
the space economy, from education
to employment

Limited access

Not all nations’ needs are equally
included in the space economy
although we all depend on it

Lack of regulation

A lack of universally agreed legal
frameworks make activity in space
hard to regulate




O PERSPECTIVES

“It's important to prepare women
to be leaders much earlier on, as this
can have a multiplier effect”

» Dr Jane Olwoch

African

In this excerpt from her remarks during Space Week at Expo 2020 Dubai, climate change specialist
and former Managing Director of Earth Observation at the South African National Space Agency,
Dr Jane Olwoch expresses her concern that interventions to promote girls’ access to the space
industry are not happening early enough to have impact

here is so much connectivity and interrelation between the UN SDGs
T(Sustainable Development Goals). As satellite Earth observation
provides us regular and broader coverage, and since we now have
scientists and data experts to show us the evidence on climate change,
they have brought forth information that we cannot ignore; information
that we must use to address these issues.

The same logic applies to gender. From primary school through
secondary school to university, the percentage of women in education
drops continuously. Women make up only 25 per cent of student
populations at the university level. Given that most of the gender equality
and career interventions are taking place at that level, the chances of
impactful gender inclusion initiatives are low. These interventions are
simply taking place too late.

It's important to prepare women to be leaders much earlier on, as this
can have a multiplier effect. When a young girl sees someone who looks
like her in a leadership position in the space industry, she immediately
thinks: ‘If she can do it, then | can also do it". With time, we grow through
diversity and inclusion, which are essential to drive innovation and help
move our planet forward. @

16 SPACE



O PERSPECTIVES

18

“Space technology requires
government structures that
work, not Band-Aid solutions”

» Professor Steven

Freeland

Emeritus Professor of International
Law at Western Sydney University,
a Director at the International
Institute of Space Law

Below: Today, data and
imagery from satellites are
used for myriad applications,
including assessing
environmental damage and
increasing farm productivity

SPACE

pace is complex and not everyone has the same vested interest.

Initially, it was primarily the military looking at space for security.
Today, modern economies look at space as a way to make money and
civil society looks at space to address many issues around the world.

Advanced technology is already addressing some of humanity's
problems. To maximise this, we need to find the right way to build
momentum at a global scale and for years to come. Understanding
the fundamentals will help us find the way forward.

While we do have a system that by and large works — a system
focused on the utilisation of valuable areas of space — the frameworks
around space are changing. We need to promote common approaches
based on multilateral agreements, cooperation, recognising
sustainability, stability and safety in space.

Dealing with the incredible opportunity of space technology will
require government structures that work, not Band-Aid solutions.

For humanity to continue in space, we need to understand that the
major questions around space require multilateral cooperation and for
everybody to have buy-in so we can maximise our own advantage.

However, the lawyers don't have the answers. We need to work with
everybody to find answers that will serve us today, tomorrow and over
the next 20 years. ®

“You cannot just import technologies
and apply them. You have to look at
the local conditions”

» Dr Valanathan Munsami
Former CEO of the South African
National Space Agency,
Co-founder of the African
Space Leadership Institute

Above: Establishing national
space agencies will accelerate
the development of a
country’s space capability
(left); to unlock the potential
of space technology,
governments must develop
human capital with the right
skills and knowledge (right)

hen thinking about the problem statements of 'space and

sustainable development, the future of space and the future of
multilateralism’, central to that is the disparity. You have to look at the
disparity, particularly from a developing country perspective.

There could be several things you need to consider from different
vantage points. First, not understanding the benefits of space could
be your hindrance. Not understanding what is possible could be a
problem from a policy perspective, and this informs political principles
— you might lack the political will.

The second thing is the resources: the financial resources to tackle
that problem, and the human capital (do you have the skill sets you
need?). Then the link to that, obviously, is around knowledge. What is
your technology readiness level? Do you have that capacity?

This is why space agencies and institutions that are putin
place to develop in-house capabilities are so important. You cannot
justimport technologies and apply them. You have to look at the
local conditions. This is where local institutions and indigenous
capabilities come in, and this is why we set up national institutions
to address problems. ®

19



O PERSPECTIVES

“We have 54 essential climate

variables, and more than half can only

be reliably monitored from space”

3 Simonetta Di Pippo

Opposite page:

On 8 September, 2021,

a large forest fire started

in the Jubrique, Genalguacil
and Estepona municipalities
of southern Spain. This image
from Copernicus Sentinel-2
shows some of the fires near
Estepona. It was processed by
combining natural colour and
shortwave-infrared bands to
highlight the fire front

limate change is one of the main topics we need to address. It's
C not easy because you have to put together so many needs and
requirements. We need to speed up the process and underline the fact that
space is indispensable in that process; that space is not something dark,
cold, far — butis really with us; and that the more we explore the more we
understand who we are and, hopefully, what we will become.

For example, we have 54 essential climate variables, and more than
half of them can only be reliably monitored from space. Without space,
we would be blind in understanding the models and performing the
necessary simulation for future [climate resilience]. This is extremely
important, especially if you want to understand things like migration,
farming and smart agriculture, and protecting biodiversity. These are just
a few examples of what can be done with Earth observation satellites.
In other words, without space, it's impossible to monitor situations on
the surface of the Earth. Every time we talk about climate, we need to
use space. We need space for sustainability in space and for
sustainability on Earth.

It's also important to notice that our planetis just one in the solar
system, and is 25,000 light years from the black hole in the centre of the
galaxy. And our galaxy is just one in billions of galaxies. It's important to
have the right mindset and protect planet Earth and try to do whatever
we can to maintain space and Earth for future generations. ®




- Cassiopeia

Ursa Minor

“We are the ashes of long-dead stars and
so we have a more intimate relation to the
cosmos than was ever imagined, even by
the astronomers”

4 _ Lord Martin Rees

Astronomer Royal, United Kingdom
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How do we set a
sustainable space
agenda?

The space sector finds itself at a critical juncture. As opportunities are multiplying,
so are challenges to ensuring that its benefits reach everyone

Opposite page: Simonetta
Di Pippo, former Director
of UNOOSA, speaks during
Space Week at Expo 2020
(top); astronaut Scott Kelly
holds a sign reading
#whyspacematters as part
of a NASA and UNOOSA
campaign highlighting how
space helps us better
understand Earth (bottom)

SPACE

pace belongs to us all, according to the United Nations Office for Outer

Space Affairs (UNOOSA) 1967 Outer Space Treaty. It is a region that
cannot be owned, and where all nations are mandated to collaborate for
the benefit of all humankind. However, the reality has been far from this
ideal since the earliest days of space exploration.

Once the realm of national superpowers, over the last few decades
space has opened up to a multitude of new entrants, from smaller and new
spacefaring nations to disruptive private sector players. “Initially we only
had a small number of countries engaged in space,” says Professor Steven
Freeland, a Director of the International Institute of Space Law. "Now we
have really about 70 or 80 countries in the world that have some sovereign
space capability, albeit at different levels.”

Growing participation in space exploration may have spurred
widespread technological development and increasing competition, but
governance is not keeping up with the pace of activity. Neither is the
distribution of resources which would fulfil the mandate set forth by
UNOOSA. Considering these, we need to ask: how can we regulate a
space characterised by openness and expansion, and how do we include
all nations and communities in the space agenda?

The grey area of space law

Regulation and legal frameworks in space exploration is critical to
ensuring its long-term sustainability and that it delivers as a shared
resource. "You need to have a common understanding of what
responsible behaviour and responsible operations in space means,”
says Simonetta Di Pippo, a Professor of Practice of Space Economy
and former Director of UNOOSA. »»

$f wrvsPACEMATTERS
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Much of the law governing activity in outer space is
left open to the interpretation and implementation of

individual nations

Opposite page: The James
Webb Space Telescope, which
is a collaboration between
NASA, ESA and the Canadian
Space Agency, launches on
Christmas Day, 2021

SPACE

Since 1958, UNOOSA has been the primary regulatory entity for space
activities. Its regulatory frameworks help governments build the legal,
technical and political mechanisms to support activities in space. There are
other bodies offering space governance and regulation, such as the
European Space Agency (ESA) and the European Telecommunications
Satellite Organisation (EUTELSAT IGO), but UNOOSA's five international
treaties, enacted between 1967 and 1984, form the basis of most space law.

However, none of UNOOSA's space treaties are mandatory. They are
private, voluntary methods for member states to organise their affairs
within their own legal systems and between each other. The treaties are
not themselves international laws, and the UN does not have the power to
enforce compliance or punish breaches. A spacefaring nation can adopt or
ignore them as they see fit.

The non-binding nature of UNOOSA's treaties could create issues in
the future if two spacefaring nations engaged in the same activity are
not operating by the same rules. According to the Wilson Center, an
independent American research body offering analysis on public sector
matters, “among the 28 nations with domestic space policies, there is little
policy convergence”. As such, much of the law governing activity in outer
space is left open to the interpretation and implementation of individual
nations. Thus, what truly constitutes responsible operations in space, in
Di Pippo’s words, “is not crystal clear”.

Miguel Bello, Commissioner of Spain's Strategic Project for Aerospace
Recovery and Economic Transformation, agrees that UNOOSA treaties have
done an excellent job of laying the foundations for the fair and sustainable
use of space and providing regulatory frameworks which 112 of 195
countries have adopted. But, he argues, the world needs an international
governing body regulating all space activity. “We [need to] go one step
further. We need a United Nations Space Agency. Space law is a new
discipline and it has to be developed.”

If the current siloes of national space laws are not addressed, regulatory
grey areas could arise. Sergei Krikalev, Executive Director for Human Space
Flights at Roscosmos, Russia’s state space corporation, believes these could
create room for conflict by giving nations "the opportunity to interfere with
each other”. This “room” includes space flying, sending and removing
satellites from space, anti-satellite testing, the removal of space debris and
the manufacture or servicing of objects in space, among others.

The increasing privatisation of space activity also creates unanticipated
regulatory challenges, as current international frameworks place a heavy
emphasis on the activities of state actors, not private corporations. As
such, Krikalev worries that lack of governance in the space services and
products field will lead to space congestion and the further accumulation
of dangerous space debris. Rapidly expanding and yet vastly »»
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O IN DEPTH

Invisible losses

Aarti Holla-Maini describes
what is at stake for those

who need connectivity the
most. The Secretary-General

of Belgium’s Global Satellite
Operators Association says,
“We're living at a time when
farmers need the connectivity
enabled by satellite technology
to compete and to survive. |
read a story recently about a
farmer in Bangladesh who had
travelled a full day to the city
market. By the time he got there,
his produce was not required.
Had he [been connected] and
received the information in
advance, he would not have lost
a whole crop”

28 SPACE

under-regulated, the private space tourism field could also “risk people’s
lives”. For this reason, Mathias Link, Director of International Affairs and
Space Resources at the Luxembourg Space Agency, notes that “it is very
important to monitor very well what the private sector does".

Achieving consensus on how to monitor the private sector, as well as
what activities should be regulated, by which body and to what degree, will
require cooperation across all participating space entities. “The Committee
on the Peaceful uses of Outer Space did a lot already in this direction,” says
Di Pippo, “but there is a lot that still needs to be done. [We need to] bring all
the other stakeholders [to] the table because we need to listen to their
requirements, their needs and what they want to do.”

The missing clause of inclusion

There are key stakeholders whose input is missing from the rules and
regulations governing space activity and the distribution of its benefits
to all nations. These include developing regions as well as vulnerable and
marginalised groups. According to Prof Freeland, this is a result of a history
of major spacefaring nations not subscribing wholly to one of the most
crucial UNOOSA treaties. That is, the treaty that deals with “sharing of
the benefits [and] taking into account not only those that engage in the
activities, but other countries, particularly emerging and less developed
countries”. This does not just mean financial benefits, Prof Freeland
explains, “[it] mean[s] technology transfers, capability and capacity
building, information sharing, a whole range of things”.

In some regions, the responsibility to share the benefits of space may
be as simple (or complex) as first explaining their importance. According to
Di Pippo, “space is a tool that can be used across the board. Not just to help
states achieve the SDGs, but to accelerate the whole process [of trying to
achieve them]”. Aarti Holla-Maini, Secretary-General of the Global Satellite
Operators Association in Belgium, agrees. “It's not just social media. It's
farmers getting information for agriculture; people learning about new
trades and new skills and then starting up small businesses.”

Nigeria, for example, is the most populous nation in Africa, and yet it
suffers a critical gap in access to space benefits. This fate is not atypical for
countries in Africa, which Abymbola Alale, Managing Director of Nigerian
Communications Satellite Limited, a company under the supervision of the
country’s Federal Ministry of Communications, describes as “the least
connected continent”. With more than “300 trillion global businesses on
the internet’, Alale explains that satellite connectivity is critical to facilitating
equal access to opportunities and making sure that underserved
communities do not stay left behind. “Satellite communication is very
[important] to meeting the needs of Nigerians. We don't want to leave
the Nigerian population out of it”

However, a challenge arises when, according to Di Pippo, “sometimes
space is not seen as an accelerator in particular, and developing and
emerging countries may need more support’. Dr Valanathan Munsami,
former CEO of the South African National Space Agency, agrees, pointing
out that by not appreciating the opportunities presented by space,
countries may be failing to capitalise on its value. Even when the
importance of space connectivity is made apparent, some regions may
lack the fundamental capacity in terms of technology and know-how to »»

A story of growth

Dr Gay Jane Perez is the Deputy Director-General of the Philippine Space Agency
(PhilSA). She discusses how the Philippines has overcome many of the problems
facing developing regions in access to and participation in the space sector

Below: Mount Mayon on the
island of Luzon, Philippines, has
had more than 30 documented
eruptions since 1616. This
eruption was captured by the
Copernicus Sentinel-2 mission
on 30 January, 2018
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The Phillippines comprises more than
7,000 islands situated in what is
known as the ‘Pacific Ring of Fire’,
a horseshoe-shaped region
encompassing the Pacific coasts of
South America, North America, far
Eastern Europe and Asia and islands
in the western Pacific Ocean. A direct
result of shifting tectonic plates, the
Ring of Fire is plagued by volcanic
eruptions and earthquakes — the latter
accounting for 90 per cent of the
world's total. In addition, the Philippines
is also prone to natural disasters such as
tropical cyclones, floods and tsunamis.
Given this, Dr Perez believes “it is all
the more imperative for us to make
extensive use of space-based assets
to ensure [our country’s] continuity”.
Like many developing nations
with limited or no space assets,
the Philippines had to rely on data
generated by others. “We have had
decades of using space data for so
many purposes, such as weather
predictions, for example.” And despite
its benefits, it came with many
challenges associated with the nation’s
lack of resources. “Processing data

was a challenge because it required
downloading large files and advanced
programming to analyse data and
derive relevant information. This

sole dependence on satellite image
providers makes it unsustainable for
us in the long run.”

With space data essential to
monitoring, predicting and recovering
from natural hazards, Dr Perez says the
only way to become truly resilient was
to develop in-country capabilities. “We
realised that to readily have access to
data we could depend on, we needed to
first have our own data, and secondly, to
innovate on the upstream side. Hence,
we complement [external space data]
by building our capabilities to generate
data products from our own satellites.”

Operational for eight years as of
2022, PhilSA has big plans to enhance
the country’s capabilities. “These
range from reaching out to the public,
to initiatives such as our Space Data
Servicing Program, where we focus
on agriculture and crops, and the Data
Mobilisation Program, where we tackle
disaster management and mapping
fisheries,” explains Dr Perez. “Also,
we aim to launch further outreach
programmes, especially for the younger
generation to change mindsets and
engage their interest in space sciences.”

However, Dr Perez asserts that cross-
sectoral and international collaboration
to bridge the gap in space development
is needed. “No single sector can
accomplish this alone. We need civic and
community leaders, non-governmental
organisations, social workers and the
private sector to bridge the gap.. The
strength of these various groups lies in
their motivation to understand the users,
their culture and their needs.”
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“We need.. to ensure that education and commercial space
opportunities are better aligned with the development stage

of the nation”

Tanguy Gahouma-Bekale

Opposite page: NASA
astronaut Victor Glover shares
his experiences in space with
school students (top); satellite
imagery, such as this shot of
Glacier Bay National Park and
Preserve in Alaska, is crucial for
monitoring receding glaciers
(middle); changing ice patterns
are threatening the lives and
livelihoods of Indigenous
cultures in the Arctic (bottom)

SPACE

participate and benefit in the long term. According to Tanguy Gahouma-
Bekale, General Director of the Gabonese Agency for Space Studies and
Observations, building up the capabilities of all nations needs to happen in
a global context, but also in ways that target the unique needs of a
particular location. “We need more specific training, and countries ought to
develop nationally determined space education to ensure that education
and commercial space opportunities are better aligned with the
development stage of the nation.”

Gahouma-Bekale's advice — that space opportunities should be
properly aligned with local needs — fits with the experience of the IfAupiaqg
Indigenous people of the Alaskan Arctic. “The words of one hunter
resonated with me,” says Diana Mastracci, Founder of Space4Innovation,
a social enterprise connecting communities to space assets. "He said:
'Remember, this is the land of the polar bear where temperatures drop
to minus 50C. Technology alone will not save us.”

Mastracci, who is also the liaison for GEO Indigenous Alliance, an
organisation dedicated to conserving Indigenous culture through Earth
observation technology, had travelled to the Alaskan Arctic to find out how
the local Ifupiaq people could use satellite data and technology to cope
with changing ice patterns. She discovered that while the geospatial data
allowed the community to “predict the movements of ice flows and the
thickness of ice”, plug-and-play solutions simply would not work there.

With extreme weather disrupting coverage and children’s Western
school calendars not aligned to the ebb and flow of “life in the natural
world as itis lived on the Alaskan tundra’, Ifupiaq elders worried that the
youth were missing the opportunity to “learn to interpret the data along
with our Indigenous knowledge”. What lacked was alignment of the
technology with local culture that would allow them to “adapt to the new
ice regime that has already endangered the lives of many hunters”.

Mastracci and her team have since taken their learnings to hold
annual Indigenous Hackathons in which technological solutions are
co-designed with the communities who need them. “It's important that
Western scientists work together with Indigenous people respectfully
and acknowledge that it's a different way of knowing. We need different
solutions to overcome the challenges that we're facing today.” Dr Munsami
agrees. “You cannot just import technologies and apply them. You have to
look at the local conditions.”

With the future of humanity delicately interlinked with the future of
space, itis imperative that the space agenda is governed in a way that
extends its benefits to every nation on Earth. This, according to Prof
Freeland, is what will constitute a sustainable space agenda, which, if not
achieved, will “compromise our ability to use space. Not only do we lose
sustainability there, we will have [an] incredibly adverse impact on Earth.” @




“The Gregorian
solar calendar is

a great system
of time, but it's a
massive coloniser”

rofessor Rangianehu ‘Rangi’ Matamua comes from a long

line of Maori astronomers. “l was lucky enough to have
been given certain knowledge from my elders and the legacy
of my ancestors was left to me to carry on." This legacy became
evident on 24 June, 2022, when New Zealand officially celebrated
Matariki, or the Maori lunar new year, for the first time.

Prof Matamua was instrumental in advising the government
on codifying the tradition, but he notes that the world has been
slow to embrace age-old celestial knowledge. According to him,
the Maori have long taught the interconnectedness of life, from
“stars to planets, to environmental factors to winds, to terrains to
mountains to fish”. But "the science laughed at us for generations”.
This, he says, reflects the privileging of Western wisdom. “The
Gregorian solar calendar is a great system of time, butit's a
massive coloniser.”

Matariki was one traditional practice that was sidelined.
Celebrated for aeons by the Maori, it was impacted by what
Prof Matamua describes as the "history of denial of the Maori and
Indigenous past’. Although now a New Zealand national holiday,
the mainstreaming of Matariki should not be taken as a sign of its
revival, only a long overdue recognition. “It's not a holiday dictated
to the many by the few. There has actually been a groundswell of
people celebrating it anyway, so it's really just a validation.” @




“Since l was a
child, | have been
dedicated to the
protection and
conservation of
our Mother Earth”

ndigenous Shuar Mario Vargas Shakaim was born in the heart of

the Ecuadorian Amazon. Here, dense forest and majestic waters
were his playground. “Since | was a child, | have been dedicated to
the protection and conservation of our Mother Earth,” he says.

Using his training in the collection and analysis of drone and
GPS data, Shakaim is seeking to improve the resilience and
visibility of his community in the face of climate change. "With the
help of satellite imagery, drones and maps, we can make our
voices heard and show the world the impact the destruction of
the Amazon is having,” says Shakaim. However, he explains that
access to space technology in his region is limited. “The challenge
we face is the lack of resources allocated by governments, the
scientific community and the international commmunity for
Indigenous peoples.”
While the innate resilience of the Shuar has held firm thanks

to limited outsider influence that enables "the knowledge of the
great sages to prevail.. [and the people] to take care of the forest
according to custom’, access to space technology is still crucial.
Shakaim explains that, as a “tool to tell our own stories about
climate change in the Amazon rainforest’, space data is not only
important for the Shuar, but also the planet “If we had better
access, everyone would benefit, because Indigenous peoples
are the guardians of the world's biodiversity." ®
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“So many people
haven't had a chance
to look through a
telescope, and

yet it has been
around for more
than 400 years”

When Dr Susan Murabana first looked through a telescope
in her early twenties, she was struck by a view of the
rings of Saturn. She thought to herself, “I have to share this.”

The image awoke in her the desire to give more people the same
opportunity. “In Kenya, so many people haven't had a chance to
look through a telescope, and yet it has been around for more
than 400 years,” she notes. To address this, she developed

The Travelling Telescope, an initiative which brings astronomy
to underserved communities and rural schools. Transporting
the telescope to some of the remotest communities has been

a challenge, as it weighs 100kg and is fragile, but it is worth the
risk, particularly if it helps reach young girls. “There are few ladies
in astronomy or science in general. | wish there were more.

I hope that | play a small role in inspiring young girls in Kenya.”
Her Travelling Telescope project has broadened its scope and
now includes robotics workshops run by young STEAM (science,
technology, engineering, arts and mathematics) professionals.
Despite the successes, Dr Murabana worries that many children
continue to miss out on opportunities in science and astronomy.
“We still have so many schools to visit; quite a number in very
remote areas.” @

.
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Glowing inflatable replicas of Earth and Mars lit up Al Forsan Park during Expo’s
Twin Planets exhibition. The installation was part of the Kaleidoscope project
series that used the power of light, photography and visual arts to translate
themes under discussion at Expo into interactive visitor experiences.
Kaleidoscope's light projections and celestial inflatables also formed the
backdrop for a musical performance on the Sun Stage, titled The Sun! The Star!




s pace to Earth: Finally, recycling can keep us from building up waste aboard the ISS

as well as in space’s orbit. As pollution levels on Earth reach new highs,
* < we must embrace recycling and reuse of tools and raw materials to
live better with less
We urge everyone to live as an astronaut and think about how to
reuse and recycle as much as you can. See the Earth as the closed
system itis. See the resources as finite, and work together to ensure

Below: NASA astronauts
Shane Kimbrough and we live together sustainably now and long into the future. ®

Megan McArthur deliver

their message from the

International Space Station Edited excerpt from the astronauts’ address to audiences at Expo 2020 Dubai’s Space Week

“We urge As you can imagine, seeing the Earth from space is life changing, but
. this vantage point is more than just a good view. Science
everyone to Ilve experiments are a primary focus on the International Space Station (ISS).
as an astronaut From orbit, we can better comprehend water and energy cycles,
. ecosystem changes, geological hazards, population migrations, climate
and thlnk abOUt change, as well as assist with responses to natural disasters.
hOW to reuse and Even though the ISS has contributed to the completion of thousands

of experiments to benefit space exploration and life on Earth, the most
I‘ecyCIQ as much important experiment of all is the one whereby our unique environment
as you can” has forced us to re-evaluate how we can live sustainably with less.

Living like an astronaut can reshape the way we look at our
consumption and make us realise that we can live and prosper with a
fraction of the resources that we currently use. For long-term missions
like ours to succeed, we need to be able to recycle as much as possible
and minimise waste where we can.

For one, perfecting the growth and harvest of food sustainably is
crucial to long-term survival in space. It is arguably even more essential
to learn to do this on Earth. With food shortages an increasing concern,
there are many lessons to be learned from life aboard the ISS, where
astronauts constantly calculate their food consumption carefully and
integrate technologies to regrow food.

Second, clean water is in short supply in space, and increasingly so on
Earth. Water is precious on the ISS, and we recycle it extensively using a
tiny fraction of the amount most people on Earth use. Water reuse is an
important practice to learn and maintain, using filtration technology.
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INTRODUCTORY
OVERVIEW

“Let’'s get people excited
about space”

» By Dr Maggie Aderin-Pocock

SPACE

he space boom is on, and we now have the opportunity to spread its

momentum wider than ever before. Above all, that means getting
space into young people’s minds and increasing the diversity of those
involved in the industry. Both causes are close to my heart. When | worked
as a space scientist, it was hard to recruit people. This inspired me to get
into the business of rousing public interest in space, especially through
visiting schools.

When | started out, 14 years ago, educators weren't interested, but
that's now changed completely. Since then, | have spoken to about
350,000 children around the world about space, and I'm just one
example of how this conversation is gaining momentum. Initiatives such
as the British Science Association’s CREST and Young Engineer Awards,
which gives 5 to 19-year-olds the opportunity to work on real-world
science applications, are testament to this. Expo 2020’s Space Week
was vital too, with its focus on inspiring future generations to reach for
the stars.

To do this, we need to help children realise that STEM (science,
technology, engineering and maths) subjects open many doors and that
their ideas can make a difference. We also need to show our young
people that you don't have to be a ‘genius’ to thrive in STEM.

For girls, in particular, we must overcome a shortage of role models

and find creative ways to attract their interest and boost their confidence.

Moreover, the great thing about space — and a fact that is frequently

Dr Aderin-Pocock is

most excited about the
fact that the space sector
is no longer limited to
national projects and
agencies. Now, it is open
to entrepreneurs, start-
ups and even students

overlooked —is that it is a multi-dimensional industry. You don't have to
be a scientist. You can work in Legal, PR, HR and many other fields.

The key is to get people excited about space. We saw this happen in
the UAE with the Emirates Mars Mission. Now, it's about helping other
nations and communities replicate that energy. One way to do thatis
through collaborative programmes like the Disaster Monitoring
Constellation, which uses remote-sensing satellites to track natural
disasters and inform emergency and disaster relief activities on Earth.
Participating countries include Algeria, Nigeria, Turkey, China and the UK.

Future momentum will, | believe, also come from renewed 'big ticket’
space exploration. This is a major opportunity to reignite the popular
imagination. For example, NASA aims to return to the moon in 2024, and
talk of a moon base is bubbling up again — in particular the idea
of using it as a lower-gravity 'stepping stone’ to send probes to Mars,
Venus and beyond.

What's most exciting is that space is no longer just about big national
projects and agencies. It is increasingly open to entrepreneurs, start-ups,
and even student research projects. Moreover, when it comes to space
data, the sector is increasingly adopting an ‘open-source’ ethos. And that
matters, because we all stand to gain. From climate change and
agriculture to disaster relief and carbon monitoring, space data holds the
key to our collective future. Moves to make it open, accessible and
universally available offer perhaps the greatest opportunity of all. ®
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Mission equality

Expanding equal opportunities in the space economy begins with
facilitating space mentorship networks for women that show and
remind the world that space is for everyone, gender notwithstanding

“The space
sector thrives
with innovation,
and that's what
diversity brings
to the table”

Her Excellency

Sarah Al Amiri

UAE Minister of State
for Public Education and
Advanced Technology,
Chairwoman of the UAE
Space Agency

Opposite page: In 1992,
NASA astronaut Mae Jemison
became the first African-
American woman to travel

to space (left); Emirati Nora Al
Matrooshi is the Arab region’s
first female astronaut (right)

SPACE

W hile the global space sector succeeds in fostering a diversity of
nationalities, according to the United Nations Office for Outer Space
Affairs (UNOOSA), gender disparity has remained largely unchanged over
decades. This stems from the wider issue of the global gender gap,
explains former UNOOSA Director Simonetta Di Pippo: of the more than
225 spacewalks completed, she notes, only 15 steps were taken by women.
For the past 30 years, females have occupied only 20-22 per cent of
positions, with that figure dropping to 19 per cent for aerospace and
defence CEO roles.

“We often get asked about gender inclusion in the space sector
and how we move that forward,” says Her Excellency Sarah Al Amiri,
the UAE's Minister of State for Public Education and Advanced
Technology and Chairwoman of the UAE Space Agency. Her answer
to this question speaks to the very nature of the industry: “The space
sector thrives with innovation, and that's what diversity brings to the
table.” For HE Al Amiri, change begins with reframing how the industry
thinks about women's inclusion — recognising that the most successful
teams are made up of people from different backgrounds moves the
conversation from quotas and requirements to a focus on creating the
strongest capabilities.

UNOOSA's Spaced4Women project is doing just this. It focuses on
key areas of opportunity for bringing women into the sector, including
facilitating access to space education and careers, advising on policy and
providing training and mentoring. It does this through the nomination of
35 standout female mentors — students, scientists, business leaders and
policy makers — who use their experience and platforms to reach girls and
women interested in participating in the space sector and STEM (science,
technology, engineering and maths) fields. One of the project’s 35 mentors,
Maruska Strah, Executive Director of World Space Week Association,

Did you know?

Women make up a significant
portion of the Emirates Mars
Mission team. More than

80 per cent of the Emirati
science team is female, and
women account for half of
the leadership

Checklist

» Develop female-led mentorship
programmes that inspire other
women to enter the space
industry and support them to
stay init

» Promote established networks
of female cooperation and
collaboration and identify
where new ones need to
be developed

» Reframe attitudes about gender
inclusion practices — teams
have a lot to gain, not lose, from
diverse membership that draws
on multiple pools of skill,
knowledge and experience

» Promote reflective practices
in social institutions
that encourage people
to identify and challenge
their unconscious biases

asserts that the power to overcome gender disparity in the space
economy lies in networks of female cooperation.

“l'am a firm believer in mentors,” says Strah. She suggests that women
hold an inherent desire to support one another — clearly presentin the
“support systems of women that tell their stories and share their
experiences”. Encouraging networks of collaboration, she says, is key to not
only showing young women that the space industry is for them, but also
helping to keep themiiniit.

To enable such change, HE Al Amiri asserts, we must first acknowledge
the fact that “there are inherent and unconscious biases in each one of us as
individuals.” Once we do that, we will understand "how to circumvent them
and ensure that they don't shape workplaces or access to opportunity that
is vital to advance forward in any sector”. ®
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Hope and
Perseverance

As we continue to explore the Red Planet, we are not only
learning more about this unique environment, we are also
understanding how to better care for our own

“The challenges
that we may face
before bringing
people to Mars are
all things faced
now on Earth”

Dr Mazlan Othman

Opposite page: The Hope
probe reached Mars’ orbit
on 9 February, 2021

SPACE

n 9 February, 2021, the UAE made history as the first Arab nation

to undertake an interplanetary mission when its Hope spacecraft
entered Mars’ orbit. The following week, NASA's Perseverance rover
touched down on the Red Planet’s dusty iron-ore surface, scarred with
evidence of ancient waterways.

Thanks to its Earth-like volcanoes and mountains, as well as
comparable day-night cycles and gravitational force, Mars has long
captured humans’' imaginations. And recent evidence, such as the discovery
of underwater lakes and frozen water at its poles, shows just how much
Mars once resembled Earth. Today, however, its scorched appearance
serves as a warning of what can be lost.

Now, various missions are seeking to understand the chemical processes
behind Mars' transformation to an unforgiving, uninhabitable world in the
hope it will help us learn more about Earth’s climate change and the fate of
our own planet. It “is one of the reasons that the Hope probe is so important’,
says Randy Lycans, Vice President at Jacobs and General Manager at NASA
Enterprise Soutions. “Itis the first time that we can really look at Mars’ climate.”

The Emirates Mars Mission, which will monitor the planet’s climate for a
full Martian year of 687 Earth days, has released three data sets from the
Hope probe since its launch, revealing information and insights about Mars’
climate that will aid in the development of more accurate models of its
atmosphere. Along with data collected from other Mars observation
missions, such as NASA's Maven and the European Space Agency's Mars
Express, the data is being collated and studied by space and climate centres
around the world to harness the collective power of all nations in finding
solutions for improving life on Earth.

Exploring Mars is especially relevant to vulnerable communities
affected by climate change, and all countries should get involved, says
Dr Mazlan Othman, Director of the International Science Council Regional

Did you know?

Data from the study of
carbonate minerals on Mars’
surface shows that mineral
carbon sequestration, the
process of capturing carbon
and storing it as a solid mineral,
could be a way of reducing

the amount of CO, in the
Earth’s atmosphere

Office for Asia and the Pacific. She explains that solutions developed to
overcome the extreme conditions on Mars will have immediate practical
applications in the fight against climate change: “The challenges that we
may face before bringing people to Mars — arid climates, the need to grow
food, water scarcity — are all things faced [now on Earth] by people in
low-resource countries.”

Itis impossible to separate the excitement of off-world exploration from
the promise it holds for human endeavours on Earth. With several studies
hinting at the existence of an 'explorer gene’, our human instinct has both
driven us to investigate new frontiers and afforded us fresh opportunities
to improve the quality of life of people around the globe. As World Expo
historian Charles Pappas says: “We need Hope and Perseverance, the
vehicles, to explore and understand Mars, but we also need hope and
perseverance, the human characteristics, to deal with a planet that's quickly
going up in flames.” ®

Checklist

» Share data. Get
more people, schools
and research institutes
from around the world
involved in analysing
the results from Mars
observation missions

» Put knowledge into
practice. Use our
understanding of events
on Mars and solutions
developed to enable
human exploration of Mars
to inform our solutions to
climate change on Earth

D Involve all nations. Boost
opportunities for non-
and new spacefaring
nations to participate
in the global space

exploration conversation
and contribute to bettering
life on Earth
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Recycle, reuse, refuel

Space missions have generated a wealth of knowledge about the final frontier,
which also holds important lessons for Earth. How can we apply resource-smart
approaches from living in space to pursue more sustainable practices at home?

We need to
approach

resources the way

that astronauts
do — as finite

Opposite page: The Plant
Habitat-02 experiment, which
evaluates radish growth on the
International Space Station,
may reveal insights on how to
grow crops in harsh Earthly
environments (top); with little
room for storage, resource
management in space could
be a blueprint for sustainability
on Earth (bottom)

SPACE

I n addition to journeying into the far reaches of the universe, astronauts
are shining examples of sustainability. During a space mission, crew
members not only conserve what they bring from Earth, they must also
produce what they need to survive — including recycling their urine and
perspiration for drinking water. Such extremes are necessitated by unique
conditions, but s it time we all drew inspiration from life in space in the fight
against climate change?

The answer is yes, according to Professor Claude Nicollier, a 30-year
veteran European Space Agency astronaut who teaches space mission
design and operations at the Swiss Federal Institute of Technology in
Lausanne. We just need to approach resources the way that astronauts do
— as finite. By adopting that mindset, says Prof Nicollier, “we will learn to live
sustainably and long term on planet Earth”.

The main idea, Prof Nicollier adds, “is to minimise the use of and recover
all of the possible resources”. Which brings us back to our astronauts. While
treating bodily fluids as a resource may be beyond the pale for most
people, we need to recalibrate our attitudes. For Dr Goia Massa, a project
scientist at NASA Kennedy Space Centre who is working on growing crops
in space, this 'recycle-reuse’ mindset shift involves “thinking about how
waste can become resources for the future”.

Beyond waste, there are myriad alternative resources which, if used
responsibly, could offer sustainable alternatives for meeting humans’ day-
to-day needs. On the International Space Station, for example, aquaporins
— proteins which are present in all life forms — are used to filter and purify
water, making it safe for crew. According to Professor Brian Schmidt, 2011
Nobel Laureate in Physics and Vice Chancellor and President of the
Australian National University, “We can probably do that en masse here
on Earth as we have water issues.” Specifically, Prof Schmidt explains, this
extraction technique could work for industries affected by water scarcity
such as farming and agriculture. “We're also able to separate waste from
valuable nutrients. So, you can actually extract fertiliser out of contaminated

Did you know?

NASA's OSCAR research
initiative is studying ways

to convert trash and human
waste created during a space
mission into useful gases such
as methane and hydrogen
which can be converted into
fuel for energy

water and insert it back into crops, and have them work better in
challenging environments like those with severe drought conditions.”

Similarly, the UAE Space Agency is building strong ties between space
science and its country’s national programmes in water security, food
security and climate change. And in India, the national space agency's
research body, Vikram Sarabhai Space Centre, has cited promising
innovations ranging from solar-electrical shuttle propulsion to satellite-
based agriculture planning that improves sustainable yield.

We have the capacity for sustainable living - our technology and know-
how has already been exported to space and is supporting human life to
survive on limited and recycled resources. Now we must do the same thing
on Earth. For Dr Massag, this poses an opportunity, not a challenge: “The most
exciting thing is thinking about how we can become as sustainable as that
closed system and really shift our perspective and worldview.” ®

Checklist

» Pursue circular living as

a concept whereby waste

products can be reused
as inputs

» Adopt a mindset shift
in how we use natural
resources which could
offer much more value
if used sustainably

» Embrace imaginative uses

of space technologies to

optimise the way we use,
produce and consume

» Present sustainability in
space as the guiding
principle for approaching
our use of resources
on Earth




O PICTURE THIS

Suggestive of a grand planetary model, Haegue Yang's Sonic Planetarium — Dripping
Lunar Sextet draws on the sonic associations bells have with traditions across
civilisations. Part of Yang's Sonic Sculptures series, this work comprises six arms
connected to a web of plate designs (variations on Islamic geometric patterns) and
alludes to the lunar observations made by 10th-century Arab mathematician and
astronomer Ibn Al-Haytham. Scan the QR code for a 360-degree view of the
artwork, which was part of Expo 2020 Dubai’s public art programme
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Rocket science

Advances from the final frontier are essential for sustainable development
on Earth and are already present in ways we may not realise

Goal 2
Zero Hunger

Space strategies to grow food in
hostile environments have led to
sustainable solutions such as LED
crop lighting, now used in indoor
and vertical farming in harsh
climates on Earth. Similarly, the
freeze-drying technology originally
designed for astronauts’ nutritious
and long-term food storage is now
found on supermarket shelves

-
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Goal 3
Good Health and
Well-being

Insulin pumps and prosthetic limbs
all began as space science, and the
exercise machine was originally
designed to prevent muscle atrophy
in astronauts. Experiments in low-
gravity environments also offer the
potential for fresh findings in fields
such as cancer research

Goal 7
Affordable and
Clean Energy

NASA pioneered using solar cells to
utilise the sun as an infinite energy
source to power computers, engines
and critical systems like water and
air purification in space. Today, that
early space technology underpins
the global transition to renewable
energy on Earth

aking in innovations in sustainability, food and medicine, solutions
T originally designed to be used in space are already playing a crucial
role in myriad Earthly necessities, not least of which is achieving the
Sustainable Development Goals (SDGs). According to the UN, about
40 per cent of the SDG targets rely on satellite technology, while all
17 SDGs are positively impacted by the benefits and learnings from
developments in space innovation. Just 60 years of space exploration
has already delivered a wealth of knowledge and opportunities for
humanity — what might the next 100 unleash? @

Goal 13
Climate Action

One of the most recognisable symbols
of space exploration, satellites are
critical to fighting climate change on
Earth. Information about the planet’s
conditions helps decision makers and
scientists monitor temperature and
weather, and predict and respond
to natural disasters

Goal 6
Clean Water and Sanitation

In space, water needs to be stored,
produced and consumed with
circularity front of mind. Aquaporins,
proteins which facilitate transport
of water between cells, and silver-
ion filtration systems were first
conceptualised by NASA as ways
that astronauts could rapidly purify
and reuse water. These can now be
found in today’s domestic filtration
systems which give billions the

_ chance to drink clean water
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Preparing for lift-off

Zainab Azim is Virgin Galactic's youngest Future Astronaut and a leading voice for
empowering young women to pursue careers in STEM, particularly space exploration.
She discusses the importance of mentorship and opening up opportunities for young
people, especially girls, in space

tudents majoring in science, technology, engineering and maths (STEM)

fields are critical to the sustained development of the space industry.
While this pathway is pushed consistently for boys, girls do not often get
the same encouragement. According to a 2020 UNICEF report on the
global STEM gender gap, only 18 per cent of girls in tertiary education are
enrolled in these subjects, compared to 35 per cent of boys.

Canadian-Pakistani neuroscience and astrophysics student Zainab
Azim is passionate about bridging this gap. Azim is the Founder of the
Global Initiative and Vision for Education (GIVE), an organisation advocating
for greater access to STEM education and offering a holistic learning model
centred around neuroscience, psychology and learning science research.

The power of mentorship

Azim's connection to space began when she was a child, with the support
and encouragement of her father. "My parents saw | had this interest in
space — | would try to read about it to myself or learn about it. Instead of
reading me fairy tales, when | got home from school my dad would take me
out and make me watch the cosmos at night” Azim believes the experience
established a sense of connection “to Earth and everyone else around [her]’,
and credits it with “fostering that love of learning and that curiosity”.
However, she recognises that she was fortunate that her family supported
her interest in space science, a privilege not always afforded to girls.

Her experience with her own family drove home the importance of
mentorship for Azim. “[Mentorship] plays such an important part, especially
for women. Because the mentors have gone through those obstacles, they

Opposite page: Zainab Azim have broken those barriers, and they have that experience of what it takes
Is an outspoken advocate to get there,” she says. “So that's why I'm so passionate about education and

for bridging the gender gap
in STEM fields making it accessible to other people.” »»
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The world'’s youngest
Future Astronaut

Zainab Azim is Virgin Galactic's
youngest Future Astronaut.
Her parents secured her ticket
when she was just 11, and she
became eligible to use it after
turning 18. Now, she is waiting
for her chance to board the
suborbital spaceship
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Seeking concrete ways to address the female STEM mentorship gap,

Azim joined the UN's Office for Outer Space Affairs Space4Women
initiative, which promotes gender equality within space and STEM fields.
As a mentor, she focuses on improving the connection between education
and space to get more young people — women in particular — interested in
the subject. "I wouldn't be where | am if it wasn't for the amazing women at
Space4Women, who lift people up as they go up too,” she says. "I feel a
responsibility to share that and do the same for other women to follow.”

Reimagining space education

Graduate education in developed parts of the world is increasingly focusing
on STEM as a crucial learning pathway, but it still lags in other regions. For
example, in its 2022 policy paper on STEM, the UN notes that 65 per cent
of professional doctorates in the US. are in STEM fields, while in Africa that
figure is less than 25 per cent This has a wide and multi-layered societal
effect given that these subjects, according to the UN policy paper, enable
peace and development in under-resourced regions, prepare youth for the
jobs of the future and are invaluable in fighting gender inequality.

Azim believes that promoting STEM and space education requires a
three-tier model which works simultaneously at the individual, organisational
and national levels. As she sees it, how we are taught to connect to space
and government-led policy and educational initiatives must be aligned to
nurture a larger and more diverse generation of space pioneers.

Currently, there are 77 national space programmes worldwide, proving
that the benefits of space technology are universally acknowledged.
However, to optimise use of that technology, more work needs to be done
at the country level to foster local talent. In the UAE, for example, the 2019
launch of the National Space Strategy 2030 has already delivered a plan to
comprehensively modernise public education in a way that sharpens its
focus on technology. Tying this ethos to her work at GIVE, Azim asserts that
schools should update their approach and “connect the context to the
content”. She elaborates: “If we're learning about space, how does that relate
to climate change? What does that have to do with my everyday life?”

Self-advocacy

Ultimately, it is the responsibility of those in power to enact solutions, but the
youth have an important role to play to hold decision makers to account.
“There is work that governments need to do, and they're not going to do this
on their own, unless we tell them to do it says Azim. “We care a lot, and we
are very curious, and we have greatideas, and so do try and innovate, and
work together to help solve those issues and be a part of the solution.” This
is where youth-led groups like GIVE can have an impact, channelling young
people’s aspirations into an advocacy focused on modernising education
and promoting STEM.

Through leveraging her access to the industry, her networks and her skills,
Azimis trying to make as positive an impact as possible. And as thrilled as
she is to likely be the world’'s youngest female astronaut as well as the first
hijab-wearing space tourist, she’'s even more excited to inspire the young
Muslim girls who will finally see themselves represented and realise that
everyone belongs in space. ®

A young space innovator’s dream

As part of the Expo Young Innovators Programme, Expo 2020 helped hundreds

of schoolchildren across the UAE capture their ideas for how to achieve the UN's
SDGs. The students sketched their innovations on napkins, and then worked with the
Programme to bring their ideas to life. One young innovator, Boushra, invented an
environmental rescue machine which she hopes will enable life to thrive on both our
home and extraterrestrial planets

Above: Boushra envisions
that her egg-shaped
innovation could trap
CO, to help ease global
warming on Earth and
perhaps make Mars
habitable for humans

Boushra is a grade nine student at

Al Bashair Private School in Abu Dhabi,
and with the help of the Expo Young
Innovators Programme, she designed
and created an environmental rescue
machine to help Earth’s environment
by reducing global warming, as

well as make it possible to live on
Mars. Boushra imagines the device

to be capable of sucking carbonic
acid and carbon dioxide out of the
atmosphere. This is important on

Earth, where carbon dioxide is the
primary greenhouse gas causing
climate change, and which reacts with
water to form carbonic acid that is
acidifying our oceans and making it
harder for both marine and terrestrial
life to thrive. On Mars, where the
atmosphere is predominately carbon
dioxide, Boushra imagines that her
device could help make the planet
inhabitable for future generations of
space explorers.




Stellar talent

These pioneering women are taking the space sector by storm and opening
up avenues of opportunity for a new generation of females

Nora Al Matrooshi
Astronaut, UAE

Vera Mulyani
Founder and CEO, Mars
City Design

“lI come from the country where the
impossible is possible”

It was during a school arts and crafts lesson dedicated to space
that Nora Al Matrooshi was inspired to become an astronaut.
The little girl with big plans was just six years old — at a time
when the UAE did not even have an astronaut programme. She
went on to train as a mechanical engineer and researched every
milestone she would need to reach to make her dream a reality.
Al Matrooshi's single-minded determination made her the UAE's
first female astronaut and, since January 2022, one of five
women training in NASA's astronaut candidate programme,
Astronaut Group 23. Al Matrooshi was selected from more than
4,000 applicants worldwide. Upon completion of the two-year
programme, Al Matrooshi will be ready for missions to the
International Space Station, the moon and Mars, setting an
example for all youth and for Arab women.

“When | was a kid, | always looked up to the
sky and | asked my mum ‘how do I fly?"”

From designing lavish villas to reimagining Manhattan’s
landscaping to dreaming up sustainable cities built out of
industrial ruins, Indonesian-born and French-raised architect
Vera Mulyani has a penchant for breaking the rules of
traditional architecture and urban planning. Merging her
childhood fascination with space and the night sky together
with her desire to offer humanity an alternative future, her
objective now is to expand global plans for the future of our
living environment into interplanetary realms. Her organisation
Mars City Design consults on and prototypes sustainable
human settlements for Mars, testing them in the rugged
landscape of California’'s Mojave desert. Mulyani also runs Mars
City Foundation, which educates and supports the next
generation of space workers.

Naoko Yamazaki
Former astronaut,
BETeE)

Dr Mazlan Othman
Director, International Science Council
Regional Office for Asia and the Pacific

s the space sector grows, women are increasingly entering the field
A and distinguishing themselves in an industry that stands to benefit
immensely from improving gender equality. Further making the case for
greater inclusion in space is the growing number of innovative and impactful
projects led by women. From mentorship to space law, space technology
and Mars architecture, women are building into the nascent industry firm
structures for inclusivity, diversity and sustainability that should ensure the
space sector realises its immense potential for shared global progress. ®

“When | was a small kid, there were no
Japanese astronauts at all”

As a young girl in Japan’s Sapporo city, Naoko Yamazaki
dreamed of going to space. After completing a Master of
Science degree in aerospace engineering in 1996, she joined the
Japan Aerospace Exploration Agency (JAXA), where she was
part of the team that developed the ‘Kibo’ laboratory module for
the International Space Station. In 2010, she became the second
Japanese woman in space — retiring a year later to continue her
space science research and promote space and STEM activities
in Japan. Today, she consults on space law and policy as a
member of the Japan Space Policy Committee of Cabinet
Office. She is also an adviser to the Young Astronaut Club and
Chairwoman of the Women in Aerospace Programme of the
Japan Rocket Society, ensuring that young people, especially
women and girls, have access to Japan'’s space landscape.

“We have to bring space to the hearts
of the people”

Dr Mazlan Othman has near single-handedly facilitated
Malaysia's emergence as a spacefaring nation. Professor
Emerita of Astrophysics at the Malaysia National University, she
is the country’s first astrophysicist and a former director of both
the United Nations Office for Outer Space and Malaysia’s
National Space Agency. Under Dr Othman's guidance, high
schools and the National University introduced curricula on
space science and astrophysics and, in 2007, Malaysia’s first
astronaut was launched into space. In 1990, she helped establish
Kuala Lampur’s Planetarium Negara. Designed to resemble a
mosque, it symbolises the country’s intermeshing of culture and
science. Dr Othman remains a leading global voice and mind in
efforts to tackle complex scientific challenges such as asteroid
impact prevention and international space law coordination.



Reading the stars

For millennia, cultures around the world have observed and interpreted
the galaxies — and they all have their part to play in uniting communities,
inspiring youth and advancing today's space industry

Astro—archaeological remains provide evidence that ancient

civilisations and cultures around the world were keen astronomers,
and that what they observed informed their spiritual beliefs and
worldviews as well as their daily practices, means of survival and
methods of navigation.

Today, knowledge passed down through generations of Indigenous
cultures in Australia and New Zealand, for so long sidelined, is now being
acknowledged. While processes of colonialisation routinely dismissed
First Nations peoples’ ancient wisdom and implemented Western norms,
greater awareness is supporting a movement to bring about a revival of
Indigenous practices.

Meanwhile in the Arabian Peninsula, a new scientific movement is
underway, inspired by the region’s many centuries at the helm of global
astronomical discoveries and knowledge development.

The return of ancient knowledge brings with it myriad opportunities
both for these communities and the world as a whole. Nations with a rich
heritage in astronomy can draw on their past to highlight to young people

Opposite page: With few the opportunities for the future presented by space exploration, while the
landmarks to guide them, world can benefit from this ancient wisdom, not least in rediscovering how
those traversing the sands of humanity can live in harmony with other cultures and with nature as it aims

the Arabian Peninsula relied
on the stars for navigation to save the planet. ) ) J




“One of the things that unites us in such an amazing way is if you
look back in time, every culture across the world has looked up and
wondered what is out there”

Dr Maggie Aderin-Pocock

Lessons from the world’s
oldest astronomers

The Aboriginal and Torres Strait Islander Peoples have lived in Australia
for 65,000 years, making them the oldest continuing cultures in the
world. Humanity's longest-standing astronomers, pre-dating even the
Babylonians, these Indigenous peoples used their observations of the
sun, moon and stars for navigation, calendars, predicting weather

and more.

For many decades, the spiritual beliefs of Indigenous peoples and
their stories connecting celestial bodies with Earth have been dismissed
as myth and legend, and little scientific value was attributed to their
contribution to astronomy. Today, efforts to preserve Indigenous cultural
heritage are creating greater awareness of the important lessons to be
learned from respecting and embracing our planet's wealth of diverse
ancestral knowledge.

Duane Hamacher, Associate Professor of Cultural Astronomy at the
University of Melbourne, has studied extensively the role that space has
played in the daily life of Indigenous elders. He says: “The elders teach us
that everything on the land is reflected in the skies. As is above, so is below.
The stars serve as a lawbook, as a map, as a scientific textbook and a
memory space. Everything you want to know about the world around you,
you can find reflected in the stars.”

In the western Torres Strait, an astronomer is called a Zugubau Mabaig,
or 'star person’, and has the responsibility of reading the stars — observing
sudden changes and the properties and positions of the stars and
communicating to the islanders what they mean. That knowledge is
passed down through generations by stories, songs and dance.

One such story is about an esteemed warrior, fisherman and hunter
named Tagai. Enraged when 12 of his crew of fishermen consume all the
supplies, he sends them to the skies, where six now make up the star
cluster known in Western astronomy as the Pleiades, and the other six
form Orion’s Belt. Tagai in his canoe is represented by a large constellation
including what are otherwise known as the Lupus, Centaurus and Scorpius
constellations. The stories show that the Torres Strait Islander Peoples read
the stars not only for practical purposes, such as navigation, but also to
find meaning and build a narrative around what it is to be human.

First Nations communities’ understanding of the connectedness of the
Earth, sun, moon and stars, as well as other elements such as water, are

Opposite page: Modern increasingly acknowledged as ancient wisdom that the Western world has
astronomical technology is long forgotten. The fact that Indigenous people worldwide are now the
now supplementing age-old guardians of 80 per cent of our planet’s biodiversity demonstrates that

Indigenous knowledge of
the stars working in harmony with nature, by understanding its seasons and »»
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A new generation of Maori has been motivated to reclaim
what they lost and understand the astronomical practices
of their ancestors

cycles through reading the stars, is a route to preserving natural assets
for future generations. As the planet faces an ecological emergency,
embracing this knowledge system is a matter of survival for the human
race and the planet.

From the Gangalidda-Garawa people of Queensland’s Gulf of
Carpentaria in Australia to the Cree of the Salt River First Nation in Manitoba,
Canada, and the Aoraki/Mount Cook National Park and the Mackenzie Basin
of Aotearoa New Zealand's South Island, Indigenous peoples are telling the
stories of the heavens through star-gazing events and tours, creating new
business opportunities and avenues for these communities to share their
heritage — and providing the rest of the world the opportunity to learn
about responsible environmental stewardship.

Building bridges: the Maori experience

in Aotearoa, the Maori name for New Zealand, Maori people have long
had a strong relationship with astronomy. The light and dark of the night
sky form the basis of their spiritual beliefs, and the sun, moon and stars
were central to daily life: to religious ceremonies, place names, proverbs,
the lunar calendar. They even built their houses around astronomical
bodies. Maori seafarers used constellations to navigate the Polynesian
islands, and farmers combined their observations of the stars with

their intimate knowledge of the environment to know when to fish,

hunt and harvest.

Much of this ancient knowledge, however, was displaced when settlers
arrived from Europe, implementing a Western education system and the
Gregorian calendar. But since the late 1970s and 1980s, a renaissance of
Maori cultural knowledge in language, the arts, politics and culture has
been taking place, and a new generation of Maori has been motivated to
reclaim what they lost and understand the astronomical practices of their
ancestors. They have conducted research in their communities and
found records in Maori and in English, knowledge held by families and
elders, insights carved into houses and manuscripts from the 1800s,
which are helping people understand the profundity of the Maori’s
knowledge about astronomy.

Now, new books are being written about Maori astronomy, and people
across the country are realigning their lives with the lunar Maramataka
calendar. As of 2022, the lunar new year, Matariki, is being celebrated as a
national holiday, embedding Maori astronomy into the cultural narrative
of all New Zealanders.

Professor Rangianehu 'Rangi’ Matamua, Professor of Matauranga
Maori in the Te Patahi-a-Toi — School of Maori Knowledge at Massey
University and Chairman of the Matariki Advisory Group, sees the
movement as not only an opportunity to inspire Maori astronomers »»
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Preserving the night skies

As starry skies the world over are eclipsed by artificial outdoor light, there is a
growing awareness of the importance of safeguarding areas that have not yet
succumbed to light pollution

Above: Very limited light
pollution penetrates the
clear skies of the Aoraki
Mackenzie International
Dark Sky Reserve on New
Zealand'’s South Island,
where millions of stars
come to life at night

In an increasingly urbanised world,
light pollution is bleaching the night
sky, robbing future generations of the
knowledge it imparts and upsetting
ecosystems which depend on the day-
night cycle. For example, glare from
artificial lights can disrupt activity in
nocturnal animals. In response, efforts
to preserve the dark night skies are now
in place around the world. Safeguarding
these areas presents an on-Earth
opportunity for astro-tourism, while
also spotlighting ancient knowledge.
Perhaps the best-known example
is the Aoraki Mackenzie International
Dark Sky Reserve in New Zealand,

the world's largest at 4,367sqkm, the
first in the Southern Hemisphere and
the first to achieve gold-tier status,
the highest ranking awarded by the
International Dark-Sky Association.
Formed in recognition of the pristine
skies of the Mackenzie Region, it aims
to protect them against light pollution.

The reserve is an astro-tourism
and public education hub, teaching
people about tatai aroraki, or Maori
astronomy, and bringing to life Maori
stories of the universe, astronomy and
science with the tagline ‘M6 tatou, 6,
mo ka uri a muri ake nei’, which means
‘For us and our children after us'.
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Mars 2117

Echoing the region’s pioneering
history of astronomers and
explorers, the UAE announced
in 2017 a100-year plan to build
the first inhabitable human
settlements on Mars. Leading
the charge is the Mohammed Bin
Rashid Space Centre, which will
focus on developing UAE talent
in the areas of space science,
robotics and Al

Opposite page: Transitioning
ancient wisdom into modern
ambition, the launch of the
Hope probe led the UAE to
become the first Arab nation
to lead an interplanetary
mission (top), and Hazza
AlMansoori to become the
first Emirati in space and the
first Arab on the International
Space Station (bottom)
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but also to unite communities: "People are wanting to know what our own
identity is here in Aotearoa. We're hoping that Matariki can be one of the
pillars bringing us together as one people with an old identity that's
becoming new and forging who we are as a nation.”

Reigniting ambition

Growing up in Abu Dhabi, Hazza AIMansoori says he was inspired

as a child by ancient stories of the stars told around the campfire.

In fact, he set his sights on becoming an astronaut long before the
UAE established its space programme in 2014. He prepared for that
hoped-for eventuality by pursuing a career in the UAE Air Force and
becoming an F-16 pilot. Having set his mind on travelling to space
from a young age, AIMansoori is now a role model inspiring other
young people in the possibilities of off-world exploration.

Recalling how his peers had once laughed at his ambition, calling it
“impossible”, he says: “If you have a passion and a dream, hold on to your
dream, and eventually, you will reach it.” Years later in 2019, AIMansoori
would become the first Emirati to travel to outer space to board the
International Space Station. AIMansoori's story is a compelling one,
especially within the context of the Arab region’s cultural heritage in
astronomy, which is dotted with centuries-old tales of great explorers and
travellers who charted vast terrains from North Africa to the Far East. Such
heroic journeys would have been impossible without knowing how to read
the constellations so as to navigate the lands and seas.

This knowledge was codified into mathematical tools and tomes
for successive generations of astronomers and explorers to benefit from.
Such was the influence of Arab explorers on the global understanding of
astronomy and mathematics, that much of the terminology used today
comes from Arabic — including ‘algebra’ and ‘algorithm’. There are also
more than 260 Arabic names for the stars, according to Dr Mashhoor
Ahmad Salameh, Professor of Astrophysics at Sharjah Academy for
Astronomy, Space Sciences and Technology.

Now that golden age of discovery is experiencing a revival, with the
UAE undertaking a slew of space exploration initiatives. In 2015, the UAE
surprised the world with the ambitious announcement that it would be
the first Arab nation to reach Mars — a vision it achieved in 2021. The
probe, aptly called Hope, was about more than space exploration.

It carried the message that if the UAE could reach Mars by the nation'’s
50th anniversary, other Arab countries could also achieve what seemed
impossible. It was a rallying cry to the region — and, crucially, to its
predominately young population.

Two years later, His Highness Sheikh Mohammed bin Rashid Al Maktoum,
Vice President and Prime Minister of the UAE and Ruler of Dubai,
announced that the nation would send an astronaut to the International
Space Station. That astronaut was Hazza AlMansoori. The initiative captured
the imaginations of Emirati youth, filling them with positivity, national pride
and ambition. And in 2019, the UAE spearheaded the establishment of the
Arab Space Cooperation Group, naming the first satellite to be built jointly
by Arab nations ‘813" after a cornerstone year in the history of knowledge
in the Arab world. This was the year in which Al Ma’'mun began his reign over
the Abbasid Caliphate, later establishing the Bait Al Hikhmah, or the House
of Wisdom, in Baghdad. »»




The tool with a thousand uses

A product of Arab ingenuity, the astrolabe was originally developed to
help explorers determine their position by measuring the stars, yet it

proved to serve a multitude of alternative purposes

Below: Used for centuries
by European and Islamic
cultures, the astrolabe was
an incredibly versatile tool,
pressed into action for
navigation, timekeeping and
many other functions

The earliest explorers used their arm,
hand and fingers to measure the
positions of the sun and stars relative
to the horizon. Called the giyas,
meaning ‘the measure’, this technique
was made into an instrument by Arab
sailors. The kamal, a rope-based device
used to identify the altitude of the
pole star, was later developed into the
modern sextant.

But the most famous navigation
instrument advanced by Arabic
scholars is the astrolabe, a scientific
innovation that has become an iconic
part of Arabian culture. The astrolabe
enabled travellers to determine
their latitude by measuring the
angle between the horizon and the
North Star.

The astrolabe is not only a useful
astronomical instrument — Abd al-
Rahman al-Sufi, a famous Muslim
astronomer born in 903, listed over
1,000 uses for it including determining
horoscopes, navigation, timekeeping
and prayer — it is also an intricate
thing of beauty, a joy to behold, which
enables the user to carry the universe
in the palm of their hand

The most prolific astrolabe maker,
Mariam Al-ljiliya, was a 10th-century
woman living in what is now modern-
day Syria. Her focus and brilliance
positioned her as the leading authority
on the science and engineering
behind astrolabes.

Even though astrolabes were first
invented around 150 BCE, they received
a major upgrade by Muslim scholars
who added angular scales, circles for
azimuths, and used the astrolabe for
finding the direction of Mecca. These
improvements were in large part due to
the relentless innovation and drive of
Mariam Al-ljiliya.

“I noticed that there are no borders. | learned that as humans,
we must work together to achieve amazing things”

Hazza AlMansoori

UAE astronaut

Above: The Hope probe

blasted off on 20 July, 2020.

The mission will provide a
complete picture of the
Martian atmosphere

Promoting cross-cultural collaboration

The achievements of Arab scholars and explorers over the past 1,500 years
culminated in one iconic moment on a clear Monday on 20 July, 2020,
when the countdown to launching a space shuttle was heard around the
world in Arabic for the first time in history.

While this was a victory for the more than 200 Emirati engineers who
had worked on the Hope probe, it will have far-reaching results for the
global space industry. All the data collected by Hope is shared publicly with
more than 200 space institutions worldwide.

Global collaboration is a central theme: since the beginning of human
space travel, astronauts have remarked on the powerful epiphany
triggered by seeing the Earth from beyond its atmosphere — that borders
do not exist. We are all Earth-dwellers, and our divisions are of our own
making. As we set sail for new horizons in space, the industry needs more
than ever to take a pan-national approach. Talking about the first time he
saw his home country from space, AIMansoori said: “Seeing this view, |
learned something right then. | noticed that there are no borders. | learned
that as humans, we must work together to achieve amazing things.” ®
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Views of the
Blue Marble

An astronaut’s unique experience of seeing Earth from beyond its atmosphere elicits
an unshakable sense of beauty and fragility — a crucial perspective for us all at a time
when the planet’s existence is threatened by manmade climate change

“You are changed
as a person when
you’'ve had this
extraordinary
privilege to see
the Earth from
above with your
own eyes”

Jessica Meir

Opposite page: Astronaut
Jessica Meir captures a photo
of Earth from the International
Space Station

he near nine-minute journey into space — “shaky and bumpy but then
Tyou’re in weightlessness”, according to former European Space Agency
astronaut Christer Fuglesang — may offer humanity the dramatic shiftin
perspective necessary to counter some of the invisible barriers separating
us from each other and our planet. “In space there is no absolute up and
down,” says former JAXA (Japan Aerospace Exploration Agency) astronaut
Naoko Yamazaki. “If you want to talk to each other, you have to say, 'your
up’, or ‘look at your down'’. You really have to consider the other person’s
position.” Simply put, in space, everything is relative.

“You are changed as a person when you've had this extraordinary
privilege to see the Earth from above with your own eyes,” says Jessica
Meir, a NASA astronaut and one of the first women to conduct an all-
female spacewalk. Suspended in the massive void of space, Meir saw a
very different view of the world she had inhabited. “We quickly realise how
special and how fragile it is. You see this very thin, tenuous band of an
atmosphere. And there you see this bright, glowing blue ball in the
blackness of space all around.”

The experience Meir so vividly describes has been shared by so many
astronauts and space crew members that it has become known as the
‘overview effect’, a term coined by author and space philosopher Frank
White in 1987. It describes the deep emotional and psychological shift that
occurs when astronauts venture into space and look back on their home
planet through the tiny port window. This view of Earth, suspended in a
void, protected by nothing but a thin sliver of atmosphere, and bearing the
visible signs of environmental degradation, “really instils this desire, this
need, to protectit’, says Meir.

What's not visible from space, however, are national borders and
divisions along political, ethnic and cultural lines. “The thing that | felt that
was so powerful when gazing back at the Earth is how interconnected
everything is. We don't see these manmade boundaries that we've
imposed on ourselves. Those things are not part of our natural planet”

For Meir and many other astronauts affected by the overview effect,
looking back over Earth’s contiguous land masses and oceans, it is
impossible to ignore the fact that we "are one human and need to work
together to continue to preserve this incredible planet”.

For Fuglesang, this feeling hits most viscerally when "you can see your
own home on this home planet”. Thousands of kilometres above
Stockholm, Fuglesang became inescapably aware of both his place on
Earth and his insignificance in the grander scheme of things. The feeling is
also Meir's most significant takeaway from her time in space. “It's so easy
for humans to get caught up in life and the things that are right in front of
you, but it's very important to remember to take that step back.”

Those who have experienced the view, impresses Fuglesang, remain
struck by this feeling of awe long after the mission ends. "Once you've
been [to space] you cannot stop thinking about it.” Perhaps, then, as we
unite all our efforts to push out into the cosmos, the most significant
development of the space era will be a global change in perspective that
brings humanity together for the good of Earth. ®



O STORIES OF NATIONS

1. The France pavilion’s permanent exhibition included the ‘Galaxy of the Future’, planets that share their ambitions
for technical innovations to advance human progress | 2. A 360-degree theatre in the Canada pavilion featuring
satellite imagery of the night sky and landscape allowed guests to explore life in the Great White North | 3. The
Mars corridor in the Mobility pavilion told the story of the Hope probe’s journey to Mars | 4. The Australia pavilion’s
Star Dreaming Gallery was an artistic rendering of a planetarium, showcasing the country’s Indigenous stargazing
history | 5. The words that adorned the walls of the UK pavilion were inspired by one of Professor Stephen
Hawking's final projects, a ‘breakthrough message’ that would be sent into space in an effort to communicate with
extra-terrestrial intelligence | 6. Placing their hands in the glass box, visitors were allowed to touch the fragments
of moon and Mars rock samples collected during NASA's 1972 Apollo mission, on display at the U.S. pavilion




1. Shaped like a spaceship, the Kazakhstan pavilion’s interactive show demonstrated the integration between

O STORI ES OF NATI o NS humans and Al | 2. Under the banner ‘Build a Community with a Shared Future for Mankind — Innovation and
Opportunity’, the China pavilion celebrated the country’s achievements across numerous fields, including space
exploration | 3. The second floor of the Luxembourg pavilion housed a space-themed exhibition, including a tubular
slide that playfully took visitors back down to Earth | 4. The DEWA pavilion demonstrated the Dubai utility group’s
innovative use of nanosatellite technology to enhance water and electricity networks as part of its Space-D
programme | 5. The India pavilion featured a replica of the Geosynchronous Satellite Launch Vehicle. Currently in
operation, it is the largest launch vehicle developed by the country | 6. Staying on as part of Expo City Dubai, the
UAE pavilion’s winged design is connected to the country’s Bedouin past, but also echoes its pioneering spirit as the
leading Arab nation in the field of space exploration
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Making NewSpace
for innovation

In contrast to ‘OldSpace’ which was dominated by national space agencies
focusing primarily on aerospace defence, ‘NewSpace' is driven by the innovation
of private corporations. Nations wanting to capitalise on the growing space
economy will have to offer partnership and business support in return

I n April 2001, American engineer and businessman Dennis Tito became
the world's first private space tourist. Having self-funded his trip to
space, he spent eight days as a crew member of ISS EP-1, a visiting
mission to the International Space Station. Tito's space tour is only one
among several examples of growing private sector involvement and
investment in space. The private space sector is booming, anticipated to
become the next trillion-dollar industry. It has a new name to boot: many
in the industry call it ‘'NewSpace’, and it is driven by private corporations
and capital with the goal of blowing open access to space exploration.

A growing economy

The increasing number of private space-related companies entering the
market — producing everything from launch vehicles to Earth observation
technology to virtual reality (VR) astronaut training programmes — means
that the costs associated with exploration in NewSpace will potentially be a
fraction of what they were in OldSpace.

According to the American Nuclear Society’s Aerospace Nuclear
Science and Technology Division, NASA's quote for launching an
astronaut with support equipment using Russian infrastructure is in the
region of USD 70 million. Booking a NASA astronaut on a SpaceX flight,
however, may come at a cost of just USD 7 million, and potentially as low
as USD 700,000.

Opposite page: As private Private sector competition is also churning out technological

companies such as SpaceX innovation faster than ever. This has created a massive opportunity

enter the space exploration . . . . . .

market, competition heats up, for growth, with the Italian Institute for International Political Studies
which in turn drives costs down estimating that revenue of as much as USD 424 billion is up for grabs. »»
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A (brief) history of private space missions

In 1929, the first rocket-powered aircraft, Opel RAK.1, travelled just above ground
for 1.5km and is today regarded as a precursor to space flight. From then to

2017, the U.S. Bureau of Transportation Statistics has recorded more than 600
commercial space launches. Below are just a few of the most significant private
missions and achievements

» APRIL 1990: Orbital Sciences
Corporation’s Pegasus aircraft is the
first vehicle fully developed by a private
company to reach space and the first
air-launched rocket to reach orbit

MAY 1998: Communications satellite
HGS-1, operated by Hughes Global
Services Inc, is the first commercial
spacecraft to visit the moon

JUNE 2004: SpaceShipOne, operated
by Scaled Composites, is the first
privately owned, funded and crewed
spacecraft and the first of its kind to
achieve sub-orbital flight

Below: Blue Origin’s New
Shepard launched four
commercial astronauts beyond
the boundary of Earth’s
atmosphere in July 2021

» JULY 2014: ISEE-3 Reboot Project, a

private initiative, contacts and takes
control of a defunct NASA space
probe and becomes the first private
company to operate in deep space,
beyond our solar system

JANUARY 2018: Rocket Lab, an
American aerospace company, is the
first to launch a rocket, its Electron
vehicle, from a private space port

MAY 2020: SpaceX becomes the first
private company to launch humans
(two NASA astronauts) into space to
land on the International Space Station
(1SS) via a privately built and owned
space vehicle

JULY 2021: Serial entrepreneur and
venture capitalist Richard Branson

is launched into space aboard his
company’s (Virgin Galactic) vehicle,
SpaceShipTwo, making him the first
space company founder to enter space

JULY 2021: Blue Origin launches
founder Jeff Bezos and guests in

its New Shepard rocket above the
Karman line — the boundary between
Earth’s atmosphere and outer

space — becoming the first privately
developed and crewed mission to

do so, as well as the first sub-orbital
spacecraft to carry paying passengers

OCTOBER 2021: Aboard Blue
Origin’'s New Shepard, 90-year-old
William Shatner, who played Captain
Kirk on the space exploration
television show Star Trek, becomes
the oldest person to reach space

APRIL 2022: SpaceX's Dragon
Endeavour spacecraft completes

the first fully commercial, non-
government visit to the ISS, splashing
down into the Atlantic Ocean after its
17-day mission

Reaching for
the moon

NASA's Artemis programme
plans to land astronauts on
the moon in 2025, more than
50 years after the first human
stepped out onto the lunar
surface. This will be achieved
through a USD 146 million
partnership with five private
companies who will help

the agency develop design
concepts for its moon landers
which will ferry astronauts
between lunar and orbital
gas stations

in the space sector. Considering NewSpace's massive potential for
growth, government-run organisations like NASA and the European
Space Agency are turning to private businesses and tech entrepreneurs
for partnerships and collaborations.

Creating innovators

If countries truly want to develop the space sector as an important
component of their national economies, there is a “growing need for
space application commercialisation and developing parallel sectors and
vital industries”, says Takeshi Hakamada, Founder and CEO of iSpace.

His company, which develops robotic spacecraft technologies for
transportation and exploration mission contracts, is currently preparing
for its Mission 1 (M1) to the moon, slated to fly on a Falcon 9 rocket around
the fourth quarter of 2022.

Whereas larger enterprises like SpaceX have the private capital
available to develop market-ready space products, smaller ventures that
have the capability but otherwise lack funding will need government
support. In many cases, this is already happening. In 2018, the Japanese
government launched a USD 940 million fund pool to be offered until 2023
to space sector firms. In the same year, the French space agency, the
National Centre for Space Studies (CNES), partnered with private venture
capital firm Karista to pledge just under USD 74 million for private space
sector development. According to Lionel Suchet, Chief Operating Officer
of CNES, the agency aims to develop “around 50 start-ups every year
through incubation programmes, and we are looking to develop more
space systems and launches”.

In Luxembourg, the government has teamed up with state and private
investment funds to pledge a similar amount after recognising the
country’s space agenda as a priority. With its roots in the private sector,
originating in commercial satellite technology, Luxembourg's space
industry has grown into an important part of the national economy. While it
has aspirations for off-world development and exploration, Mathias Link,
Director of International Affairs and Space Resources at the Luxembourg
Space Agency, believes the Earthly returns on investing in private space
companies are immeasurable: “We are convinced that the new
technologies to be developed for [off-world exploration and mining] will
also have near-term benefits in the terrestrial economy.”

Equally committed to developing local and international public-private
partnerships (PPP), the UAE teamed up with Luxembourg to host a space
investor forum in Abu Dhabi in 2020. Several private and public investment
funds attended, including the European Investment Bank. »»

Considering NewSpace's massive potential for growth,
government-run organisations like NASA and the European
Space Agency are turning to private businesses and tech
entrepreneurs for partnerships and collaborations

SPACE
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Below: Abu Dhabi’'s Hub71
brings together start-ups,
corporates and governments
to accelerate market access,
talent-hire and fundraising in
the space sector and across
the global tech ecosystem

The event was one of many that illustrate the importance of space
businesses to the growth of the UAE's GDP.

This is something Elodie Robin-Guillerm knows only too well.
Tasked with launching businesses into NewSpace, Robin-Guillerm is
Head of Growth and Strategy at Hub71, a global tech ecosystem in
Abu Dhabi that connects start-up founders with funding, mentorship
and other resources. While she recognises the importance of capital to
supporting NewSpace businesses, she also stresses that successful
innovators need more than just money. “My strongest advice for new
space start-ups is to focus not just on investments but also on building a
good team and developing opportunities within the space market. As the
space sector touches upon all other sectors, commercial activity can only
grow,” she says. “The start-ups | am working with are introducing
innovation and technologies that can really transform sectors. As they
grow, there is huge potential for collaboration and for them to contribute
to the space sector.”

Mitigating risks

The business of space is complex. From failed launches to monopolised
technological infrastructure to simple experiments gone wrong, there are
just so many chances to sink money into pioneering projects that do

not succeed. »»

Private companies supporting national
space agendas

As technology advances and the space sector continues to develop, it is becoming a
viable investment opportunity. Many private companies, such as those below, are taking
advantage of the burgeoning market, while also furthering national space efforts

Above: An aerial

image of the Eider River
in Germany captured

by HEAD Aerospace’s
Earthscanner satellite
in 2021

Stardust Technologies, Canada

CEO Jason Michaud founded Stardust
Technologies with the goal of making
space more accessible to humanity.
The company uses Al, VR and other
advanced technologies to overcome the
technological, physical and biological
challenges presented by space
exploration, reinventing how astronauts
engage with services like training and
healthcare. From its base in Ontario,
Stardust works with the Canadian and
other international space agencies and
research centres. Of particular note is
its EDEN project, which uses tech such
as VR and haptic feedback to measure
astronauts’ stress levels and provide
solutions. “Robotics, Al and space
geology are very important areas that
| personally believe will shape the next
few years for the Canadian [space]
industry,” says Michaud.

HEAD Aerospace, China

In 2020, HEAD Aerospace launched nine
satellites into orbit as part of its plans
to enable imaging anywhere on Earth.
The Beijing-headquartered company
aims to have a larger ‘constellation’ of
138 satellites by 2025 that will provide
round-the-clock all-weather, full-
spectrum data acquisition. As well as
Earth observation, the company has
been inspired by the opportunities
low-cost satellites present for the
Internet of Things, and in this sphere, it
plans to launch another constellation of
48 satellites called Skywalker. President
of International Business Dr Wei Sun
says the group’s mission is to improve
business services as well as citizens'
lives. “We are talking about smart
farming, vessel tracking and our nine
satellites go over the same orbit every
40 minutes,” he explains.
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The CubeSat

A CubeSat is a miniaturised
satellite, weighing around 2kg
and often the size of a standard
two-slice toaster. Invented by
two professors, Jordi Puig-Suari
and Bob Twiggs, the CubeSat
has become popular with private
sector companies thanks to its
manageable size and price

SPACE

As keenly as governments are interested in funding space technology from
which they can benefit, so too must they be invested in frameworks which
protect and support space innovators.

Luigi Pasquali, CEO of Telespazio, one of the world's largest suppliers of
satellite solutions and services, believes that clear policy and regulation are
equally as important as funding. While red tape characterised OldSpace
and largely kept commercial players out of the game, Pasquali welcomes
frameworks and legislation that will act as guiding forces for the rapidly
expanding sector, as long as they are coupled with a level playing field and
adequate support.

Regulating such an industry is as complicated as it is essential,
according to Link. “You need to organise access to resources, you need
to ensure safe operations, coordination between the various players
both private and public, avoid harmful contamination of the celestial
bodies and, of course, you need to share the benefits of all these
operations,” he says.

If authorities can navigate the complexities of governance, the rewards
from partnering with commercial companies can be significant — for both
parties. "What | really cherish about the NewSpace industry is that it's really
about so many new people coming into the field, doing amazing things —
from space lawyers to space plumbers — that are creating this new model
for private space exploration,” says Jason Michaud, Founder and CEO of
Stardust Technologies, which harnesses artificial intelligence and virtual
and augmented reality to create solutions for the sector such as immersive
astronaut training and mental health monitoring.

Though today the public sector depends upon NewSpace to kindle
innovation and entrepreneurship, it has indisputably played a fundamental
role in shaping it and has much more to offer the private sector than just
funding. Commercial companies, particularly new players or those without
significant resources, can tap into knowledge pools established by
longstanding space programmes backed by national agendas and
budgets. The ability to leverage existing infrastructure, procedure and
research can drastically reduce the time it takes for private organisations
to get up and running and start producing industry-altering space products
and services.

The UAE's vision for the region’s future space economy recognises
the need for this kind of bilateral relationship. Her Excellency Sarah
Al Amiri, Minister of State for Public Education and Advanced
Technology in the UAE and Chairwoman of the UAE Space Agency,
asserts that the government has been able to “advance in a short
amount of time the capabilities of designing and developing very
complex technological systems”, citing the Emirates Mars Mission as
an example. Itis crucial, she believes, to share this experience with the
private organisations on which the government’s space programme
depends. "We will work together with the private sector to provide
that valuable know-how, experience and expertise so that they can
enter into the space race.”

While the UAE is a relatively new spacefaring nation, its entry into the
field during the NewSpace age may be its greatest strength. Countries like
the UAE can dive straight into developing new and exciting technology
without having to build on top of legacy infrastructures or navigate the
windbreaks of outdated legislation.

“What | really cherish about the NewSpace industry is that it's really
about so many new people coming into the field, doing amazing
things — from space lawyers to space plumbers”

Jason Michaud

Above: MySat-1, a cubesat
developed by students at

Khalifa University in Abu Dhabi.

The development of local
talent is crucial for the UAE’s
broader space ambitions

From this vantage point, the UAE may offer the greatest insight into how
the rest of the world can blur the boundaries between private and publicin
space so that each sector benefits. Having evolved from a nation that was
“[designing] small satellites to one that has designed and developed a
planetary exploration mission to one that enters into the space race from
the doors of business’, HE Al Amiri draws on the country’s experience to
conclude that building lucrative PPPs involves investing in elevating
capabilities in the sector and designing the right test beds. "Experience,
capability and capacity are the firstingredients,” she says, butitis also a
matter of timing. “It's about entering into the right market in the right
sector at the right time to become a global player” ®
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INTRODUCTORY
OVERVIEW

“Expo 2020's legacy lies in
unlocking the entrepreneurial
spirit that defines space”

B By Shelli Brunswick

pace is a rapidly evolving USD 447 billion industry, one poised to reach
SUSD 1 trillion before 2030. It's not just about establishing a wonderful
new world on the moon or Mars but also how to improve nearly all aspects
of life here on Earth.

Expo 2020 provided the ideal vehicle to promote a vision of future
growth, innovation and opportunity through a space ecosystem that
will benefit all of humanity. This vision is truly achievable, with the caveat
that we collaborate on a global scale. Through the relationships and
partnerships formed in Dubai, through the ideas exchanged, participants
from every background and environment are embarking on the biggest,
boldest and most essential missions of our time.

Not long ago, the space sector primarily consisted of two nations,
and the participants were nearly all male government employees with
a background in STEM (science, technology, engineering and maths).

As commercialisation has developed, new opportunities have surfaced
for all. Today, more than 85 countries actively participate in advancing
the global space ecosystem, with many more soon to join as evidenced
by the turnout at Expo 2020.

Men and women are connecting space to our daily lives, from precision
agriculture that can help create greater food security, to the imaging and
GPS functionality incorporated into our mobile devices, to healthcare
breakthroughs like mammogram detection, eye surgery, pacemakers, laser
angioplasty and so much more. It's all possible thanks to space innovation.

Prior to Expo 2020, | thought we were on the right track; stepping into
Dubai confirmed that. With pavilions representing 192 countries, Expo

According to Shelli
Brunswick, Expo

2020's vision of a

space ecosystem that
benefits all of humanity
is achievable, as long as
we have collaboration at
a global scale

became the meeting point for the world. It was a temporary home for
an incredible diversity of regions and people, all engaged in forming
meaningful and lasting partnerships — many around space. Expo
demonstrated how space exploration translates to an exploration of
the human spirit.

Early in my career, | had to knock very loudly on the door, for a
very long time, to gain entrance to the space community. There wasn't
a place for me. Today, | am one of 55 women selected by the United
Nations Office for Outer Space Affairs (UNOOSA) as a mentor for its
Space4Women programme and serve as the Chief Operating Officer
of Space Foundation. At Expo 2020, | was invited to be a presenter at
the UN/Brazil/UAE Space4Women Expert Meeting, in partnership with
UNOOSA, the Mohammed Bin Rashid Space Centre, the Ministry of
Science, Technology and Innovation of Brazil, Brazilian Space Agency,
and National Institute for Space Research. In addition, | participated
in several outstanding discussions on empowerment, awareness,
training, mentoring and more. | am living proof that doors are opening,
and with my friends and colleagues who are leading impressive
projects to improve our world, we are ensuring that space becomes
even more innovative and welcoming to fresh perspectives, ideas
and experiences.

Expo 2020's legacy lies in unlocking the shared entrepreneurial spirit
that defines space. Every country, every citizen on planet Earth is
connected, and Expo 2020 brought us together to pave the way for
the next 60 years of space advancement. ®



A shared mission

Expo provided a launchpad for the world to explore space from a new,
values-driven perspective, kickstarting international collaborations that
hold promise for people and the planet

Opposite page: Expo 2020's
Al Wasl Plaza was lit up with
extra-planetary projections
during Space Week (top);
some of the world’'s most
eminent astronauts convened
at Expo 2020’s Al Wasl Plaza
during Space Week (bottom)

pproximately 250 days after the UAE's Hope probe entered Mars’

orbit, prompting nationwide jubilation, Expo 2020’s Space Week took
off. Her Excellency Sarah Al Amiri, Chairwoman of the UAE Space Agency,
applauded the event's role in delivering a platform “for more than 192
countries to co-create and connect’, and for providing fresh momentum
to harness space for social and planetary progress. “Itis through this
co-creation that we will be able to have a more impactful and valuable
space sector that contributes to global development,” said HE Al Amiri,
who also serves as the UAE Minister of State for Public Education and
Advanced Technology.

Space’'s importance, not just for far-flung adventures among the stars,
but also for its great promise for solutions to the critical issues we face on
Earth, underscored Expo 2020's Space Week. The interdisciplinary nature
of the space industry brought astronauts, scientists, architects, engineers,
youth and a wealth of change makers and thought leaders together
to explore both the terrestrial and extraterrestrial possibilities of
space exploration.

The potential of the sector to ensure that humankind continues
to exist and thrive was a key finding of the week, with discussions
ranging from how space technology can be used to serve vulnerable
communities, to the lessons for living on Earth that might be gleaned
from both humanity’s past and its planned future forays into space.

One standout and recurrent point throughout the week was the
importance of space technology to climate resilience efforts. »
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“There wouldn’t be the fight for climate change we see today
if it wasn't for space exploration, and the legacy it's given us of
Earth as a living spaceship”

Saeed Al Gergawi

Director, Dubai Future Academy

“There wouldn't be the fight for climate change we see today if it wasn't
for space exploration, and the legacy it's given us of Earth as a living
spaceship,” says Saeed Al Gergawi, Director of the Dubai Future Academy,
the capacity-building arm of the Dubai Future Foundation, whose mission
is to develop students’ skills for the future.

These possibilities were spotlighted during the 14 bespoke events
hosted during Space Week, among which were five World Majlis sessions
that explored lessons from the study of Mars to inform climate change
response on Earth, the role of women and youth in the space industry,
how space technology is being put to work on our home planet and
how to make sure the benefits of space reach everyone. Altogether
143 speakers took part in the week, hailing from a multiplicity of nations.

Given its own recent achievements in space, the UAE was seen by
many as the perfect venue for these conversations and has become a
benchmark for space and industry excellence for new and developing
space nations. As Dr Valanathan Munsami, former CEO of the South
African National Space Agency, notes: "Every nation dreams of getting
into space. The UAE has been a role model for how to do this.” As a result

of the UAE's inspirational space momentum showcased throughout Expo,

Dr Munsami believes "there is now a lot of movement in getting a space
economy ignited across Africa”.

Rocket stage 1: building collaboration

While there is vast opportunity in space for inclusive cooperation
between nations, this won't necessarily happen organically. Such
collaboration requires both engendering and monitoring. Insights during
Space Week confirmed international governance and legislation as
fundamental pillars in this process and spotlighted issues such as the
long-term sustainability of space exploration.

A legacy of collaboration emerged in two clear ways from Expo 2020.
First, through tangible progress — particularly that made around the Blue
Marble Vision, an informal framework to generate new cooperation in the
space sector, built on the discussions held during the Space Week event,
Space: Where the World Comes Together for Progress (see page 94). »
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Twelve ways to harness space for a better world

Throughout Expo 2020's Space Week, voices from scientific, cultural, business and
government backgrounds suggested ways to use the learnings and progress arising
from space exploration and development projects to create more sustainable lives

on Earth and beyond

Above: The possibilities of
space exploration ignited
imaginations during Expo'’s
Space Week

Continue UN-scale initiatives for
collaborative ‘good behaviour’

in space

Develop more global governance
and ethical frameworks

Build new partnerships with regions
and smaller nations

Share data and knowledge,
especially to help new countries
enter the field

Incentivise innovations to tackle
space debris

Put sustainability at the heart of
space exploration, building on the
Artemis Accords, a 21-country
bilateral agreement led by the U.S.
aiming to return humans to the
moon by 2025 — including the first
woman and person of colour

Set up transnational space
accelerator programmes

Integrate space education into
complementary disciplines such as
law, medicine and social sciences
Make it easier for entrepreneurial
scientists to turn research

into business

. Scale-up mentoring and create

pathways to involve women

in space

Increase schemes that explore how
lessons from ‘living in space’ can be
used on Earth

. Champion businesses that apply

space knowledge and technology
to terrestrial issues




A closer look: Blue Marble Vision

Expo 2020 was the launchpad for the Blue Marble Vision, an informal framework
for collaborative progress on space-related issues, championed by Sweden, Italy,
the UAE Space Agency and the Mohammed Bin Rashid Space Centre

Based around the principle of ‘leading
the change towards a regenerative
world’, the Blue Marble Framework was
introduced during the Space: Where the
World Comes Together for Progress
event, and subsequently explored at
the Space for Agenda 2030 discussions
held in the Swedish pavilion.
“Expo 2020 was the perfect place
to kickstart this initiative,” commented
Umbilical Design Founder Cecilia Hertz,
convene to explore areas who was involved in the framework’s
where greater cooperation
is needed conceptualisation. “People are always

Below: Space experts
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Simonetta Di Pippo, Diector of UNGOSA

Setting a Blue Marble Vision:
International Collaboration for the Future

the key to taking innovation forward,
and Expo was an exemplar gathering of
world-leading knowledge and talent.”
The framework’s aim is to enable
along-term, action-oriented plan,
harnessing both virtual and physical
collaboration. During Expo, delegates
shared, developed and contributed to
challenges via the Blue Marble Vision’'s
Al-driven system, and then participated
in follow-up workshops. Challenge topics
included how space can influence future
food production, wildlife and health.

World Comes Together for Progress

Magnirs Penker CEC and Founder af nnovation3oed

pr valanathan Munami CEO, Scuth Alnca Ml ional Space Ageiry

Rail Kulichevshy, Depuly Exetutive ancl Technical Directon

CONAE

His Excellency (brahim Al Qasim Exeoutive Director, UAE Space

Waclesday
20 October 2021

Eye in the sky

Launched in 2017, VENpS
monitors Earth’s vegetation,
acquiring images in 12

spectral bands at high spatial
and temporal resolutions to
determine the impacts of climate
change and human activity
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Second, the culture and spirit of the week was shaped by the multiple
collaboration conversations that took place between participating
countries. Encounters involved detailed discussions between agencies
and governments — such as those featuring the UAE Space Agency and
delegations from Hungary and Estonia — and also inspired a flurry of
show-and-tells, with Indian satellite entrepreneurs demonstrating their
technology to Swiss astronauts, and Mars architects from the US.
swapping ideas with Slovenian economic policy advisors.

This momentum was maintained beyond Space Week throughout the
duration of Expo. For example, in February 2022, the space agencies of
Israel and the UAE announced a drive for joint space-based research
proposals, inviting universities and research institutes to submit project
offers. From this, a joint Israeli-Emirati committee will then select a lead
project to fund with USD 200,000 for a two-year period. The focus will
be on leveraging big data analytics (using data collected by VENUS, a
satellite operated by the Israeli and French space agencies), informatics
and related techniques to expand humanity’s collective scientific
knowledge about Earth, and how bolstering the fields of agriculture and
water with space technology could contribute to long-term
sustainable development.

Rocket stage 2: inspiring
future participants

A recurrent theme during the week was the vital need to attract future
talent into the space sector. This issue was summed up for many by
Chiara Manfletti, COO of Neuraspace and former Head of Policy &
Programmes Coordination at the European Space Agency, when she
remarked that “"the possibilities have grown immensely for students of all
ages to engage in space activities, learning not just in theory but also in
practice. Next, we need to make these opportunities widespread across
the world.”

Emphasis was placed on four main outcomes. First, mainstreaming
and redirecting young people towards STEM (science, technology,
engineering and maths) subjects, at all levels of their educational
journeys. Second, the need to encourage more women into the sector.
With women representing just one in five space industry workers, the
UN says that ensuring equal access to STEM education and work is a
vital key to unlocking not just equal opportunities in the developing
sector, but full utilisation of human potential. This issue was highlighted
by a number of speakers during Space Week, including Maruska Strah,
Executive Director of World Space Week Association in Slovenia, who
commented that, “equal opportunities in space matter, and the fact we
gathered at Expo to discuss this is proof we're moving forward.”

Similarly, focus was placed on ensuring that approaches to educating
people on the importance of space exploration include raising awareness
among the older generation, who, it was agreed, should not be left out of
the conversation.

Expo’'s fourth and final area of educational legacy was to emphasise
the value of building cross-disciplinary bridges into multiple fields of
education, research and study, thus ensuring space is seen as having a
critical role to play across the board. »
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“Expo had a theme of ‘not leaving anybody behind'. | feel that
can resonate far beyond the event”

Dr Valanathan Munsami

Former CEO, South African National Space Agency

SPACE

Rocket stage 3: catalysing
practical support

Many of those attending Space Week were entrepreneurs and start-ups
in the burgeoning global space industry — a sector worth USD 424 billion
in 2019, and forecast to become a trillion-dollar industry by 2040.
Supporting and helping to seed this evolving and growing ecosystem
was Expo’s final area of legacy.

Central to this were a number of initiatives announced under the
umbrella of the Space Analytics and Solutions programme. These
included a competition organised by UAE Space Agency in partnership
with the UAE Ministry of Climate Change and Environment, offering
AED 4 million (approximately USD 1.09 million) in funding and support
to two technically feasible, scalable and innovative next-generation
proposals for how data gathered from outer space can be used to
address climate change and food security. The role of governments
in driving the industry was also highlighted, not least in stressing the
benefits of reaping space’s full growth potential to be the next major
business opportunity.

In addition, advanced technology, connectivity and talent development
was a major focus of Expo Live, an Expo 2020 Dubai programme which
delivered practical and financial support to entrepreneurs, start-ups,
projects, charities and initiatives from across the globe. Assistance from
Expo Live not only increased the reach of these organisations but also
positioned Expo as a key contributor to global community development.
For example, Swedish company Ignitia uses satellite data to provide
easily accessible, highly accurate weather forecasts to small-scale
farmers in countries such as Ghana and Nigeria, enabling communities
to adapt to climate change and make more informed decisions about
their agricultural processes. With the extra impetus provided by Expo,
Ignitia now aims to become West Africa’s go-to provider of tropical
weather forecasting services.

In many ways, helping to kickstart micro ‘missions’ such as this all
around the world may well be the ultimate legacy of Space Week.

"Expo had a theme of 'not leaving anybody behind’,” concludes

Dr Munsami. ‘I feel that can resonate far beyond the event. In the
space industry, we often just look at things from a technology and
mission perspective. But moving forward maybe we should flip that
and be more like Expo has been. We should look at space from a
values-driven perspective and always ask: how can it benefit our
planet and our society?” ®

“The youth play a key role in shaping the future

of the UAE's space sector”

Head of the Space Projects Section at the UAE Space Agency, Engineer Abdulla
Al Marar shares his thoughts on the role of youth in the UAE's space sector and
how the Expo platform contributed to the nation’s vision

Below: Abdulla Al Marar
believes that space
exploration and support of
the next generation are
inextricable elements of the
UAE's aims for sustainable
growth and development

The youth play a key role in shaping
the future of the UAE's space sector
and supporting its contribution to the
country’s sustainable development.
At the UAE Space Agency (UAESA),
our role has been, and will continue
to be, the facilitator and supporter of
the UAE space industry, and targeting
Emirati youth to form an integral part
of the industry is a critical objective in
UAESA's vision. A number of successful
initiatives in the form of scientific and
educational space missions have been
launched in the past in collaboration
with International Space Entities and

local universities to prepare the UAE's
future space engineers and scientists.
An example of this is MeznSat [a
nanosatellite supporting scientific
research and educational development]
that was developed in collaboration
with Khalifa University (KU) and
American University of Ras Al Khaimah,
as well as Light-1 Sat [a nanosatellite
measuring gamma-ray flashes from
thunderstorms and lightning on Earth]
that was conducted in collaboration
with the Kingdom of Bahrain’s National
Space Science Agency, KU and New York
University Abu Dhabi.

As part of Expo 2020, the UAESA
announced the launch of a new
competition, under the umbrella of
the Space Analytics and Solutions
programme. It aims to accelerate the
downstream segment of the space
value chain utilising space data, Al
techniques and big data analytics to
develop applications that address
national and international challenges.
The competition addressed climate
change and food security.

In addition, the UAESA aims to
inspire future space workers by
developing its space-related private
sector through its Space Economic
Zone in Masdar City, Abu Dhabi.

The sustainable mixed-use urban
community will align with national
efforts to create a competitive private
sector and build national capabilities.

Initiatives likes these are crucial
and along with Expo 2020'’s focus on
advanced technology and sustainability,
the UAESA prioritises the development
of youth engineers, scientists and
entrepreneurs keen to achieve a
sustainable future.




O LEGACY AT A GLANCE

Programme for
People and Planet

Throughout the six months of Expo 2020 Dubai,

Space

HABEEE

Launch of the UAE Space Agency'’s H E
and Ministry of Climate Change and Launch of the Blue Marble

Environment'’s joint competition Vision, an informal framework
under the Space Analytics and for increasing cooperation in
Solutions umbrella to award AED space, based on the discussions
4 million (USD 1 million) to next- held during the Space Week

4] s]olv|

Memorandum of Understanding
signed between the UAE Space
Agency and the Israel Space
Agency to collaborate in space
exploration, research, data
analysis and education to further
knowledge transfer, economic
growth and human progress of

speakers from all corners of the planet convened to

. ! T generation projects that address event, Space: Where the World f
explore solutions to the world’s most pressing issues both nations

climate change and food security Comes Together for Progress

Highlights
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229 events 7 © I

29 MILLION virtual attendees
140 Expo Live Global Innovator awardees

50 Global Best Practice Programme awardees

2,000"‘ speakers

Diverse voices +

The programme featured speakers from 142 countries, Y  Yer
with a special focus on the perspectives of youth, 9.
women and underrepresented communities :
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Asia

North America n n

Latin America and Caribbean Originating from Sweden,

Oceania Ignitia uses satellite technology
Other to send farmers in Ghana and
Nigeria weather forecast alerts
via text message, allowing

them to better plan their
agricultural schedules

» 84% accuracy and reliability
rate — over twice as accurate as
global models

» Over 97% of farmers choose to
stay subscribed

» The service price is less than 2% of a

farmer’s annual input costs

1=)

-

Featured Expo Live projects are a
46-60 61-75 76-90 selection of total awardees delivering -

YEARS YEARS YEARS space solutions

0 [
Gender and age o o EUSTAIHABLE L] Go00 HEMTH EENOTE AN RAME
distribution 53% ‘ a47% Legend DEVELOPMENT [ Jpiies o o S
T GUALS A
Q Announcement at Expo Expo achieving M#I!
. w the UN's SDGs
‘ @ Expo Live Global Innovators O 10 D= ‘l‘[ m ) Bl 13 e
y [ T
aidz | O | ©




O EXPO DECLARATION

o»

“At Expo 2020 Dubai, nations and
organisations identified significant
opportunities for collaboration

in space exploration, prioritising
advances that will help to positively
impact life on Earth. The youth of
today - the leaders of tomorrow -
heard how we need to reframe space
as the new frontier for international
collaboration and diplomacy. Both
spacefaring and non-spacefaring
countries can harness space data
and technology for sustainable and
inclusive development here on Earth,
addressing key challenges such as
climate change, food security and
deforestation. We must develop

the space sector as an inclusive,
equitable and aspirational nexus of
opportunities, at both individual and
institutional scale”

L}
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A
g

From Expo 2020 Dubai’s
Declaration for People and Planet

Launched on 30 March, 2022, the
Declaration for People and Planet urges
the world to take concerted action to
achieve the SDGs, and celebrates a
movement that will continue long after
the World Expo closed its doors. Scan the
QR code to view the full declaration

Above: Expo 2020 Dubai asked illustrators from around the world to interpret the themes of the Programme for People and Planet.
This Space illustration was created by Rodrigo Cordeiro from Brazil. The numerals in the image represent the number of Expo participants
whose content connected to the following themes: Space (29); Astronomy & Observation (10); Aerospace (23); Space Governance (22)
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