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Space: Exploration, Environments and Earth
Dr. Robert S. Dutch

‘In the beginning God created the heaven and the Earth and ... And God called the dry land
Earth, and the gathering together of the waters He called seas. And God saw that it was good.’
(Genesis 1:1-10)

Read by astronauts Bill Anders, Jim Lovell and Frank Borman,
Apollo 8 in lunar orbit Christmas Eve 1968'

Space matters. Every time we go to work, turn on the television, make a mobile phone call, or
engage the satnav system in our car or smart phone, space technology enables our modern
life. Space also connects our armed forces and our humanitarian agencies around the world

and delivers essential intelligence.

National Space Policy (2015), Foreword by The Rt Hon Oliver Letwin MP?

Introduction

Earthrise. First seen from Apollo 8
in lunar orbit 1968 ™'

Many Christians are interested in space. For example,
Galileo Galilei used his telescope to investigate the
sky and make important discoveries.® Sir Isaac
Newton (1642-1727) investigated the law of
gravitational attraction between two bodies. Colin
Humphreys’ 1993 paper ‘The Star of Bethlehem’
suggested that the star was a comet (seen 5 BC),
recorded in Chinese records. He also co-authored
articles on solar eclipses and biblical chronology.*
Scientist and theologian Ernest Lucas, wrote a paper
Interpreting Genesis in the 21" Century and recently

Christian authors wrote Understanding Scientific

Theories of Origins: Cosmology, Geology and Biology in Christian Perspective.” Some Apollo

astronauts became evangelists.®

Further, the Christians in Science series ‘Thinking About...” considers space, e.g., Chris Done The

Big Bang: How did the universe begin? and Rodney Holder Fine Tuning: What does it mean for

our universe to be fine-tuned? See also Rodney Holder Big Bang, Big God: A Universe Designed



for Life?” David Wilkinson wrote Science, Religion and the Search for Extraterrestrial Intelligence
(Oxford University Press, 2013). Astronomer and author Jennifer J. Wiseman wrote ‘Christians and
the Cosmos.’® Interestingly, Pablo de Felipe’s 2018 article discussed the sixth century Christian
scholar John Philoponus who defended the long-held view that the Earth was a sphere against

challenges made by a ‘Christian flat earth cosmology.’®

I grew up during the Space Race and recall the surprise in the West when the Soviets launched

Sputnik into Earth orbit (4 October 1957, regarded as the start of the Space Age) and put the first

man into space Yuri Gagarin (12 April 1961). They were ahead of the Americans and this shook

them.'® President John F. Kennedy’s address (Rice University 12 September 1962) inspires us still:
We choose to go to the moon. We choose to go to the moon in this decade and do the other
things, not because they are easy, but because they are hard, because that goal will serve to
organize and measure the best of our energies and skills, because that challenge is one that we
are willing to accept, one we are unwilling to postpone, and one which we intend to win, and
the others, t0o."

I was fortunate to see America’s Mercury, Gemini and Apollo missions on small black-and-white

TVs. Today, space science and exploration are even taught in primary schools.

In this paper I discuss: (a) The benefits we gain from space, (b) The
risks of space exploration, weather, debris and near-Earth objects, and (c) How assessing these
requires ethical consideration, including Christian involvement and ethical input. In addressing
these, my paper is structured around four main headings: (1) Space exploration, (2) Space Weather,
(3) Space debris and near-Earth objects, and (4) Engaging with space. Indeed, the European Space
Agency (ESA) showed how space contributes to the United Nations Sustainable Development
Goals:

Satellite data and space applications, as well as space technologies, play a major role in
addressing issues ranging from health care and education through to climate change and
human migration. ESA’s multifaceted technical expertise can provide policy makers, aid
organisations and private companies with the necessary tools to support economic growth,
social development and environmental protection.'?
This JRI paper is linked to my Briefing Paper No. 37 Natural Radioactivity, Radiation Exposure
and Our Environment."” That explained human exposure on Earth from cosmic radiation (or cosmic
rays). Here I widen this topic to include space (usually defined as beginning at 100 km above Earth

— the Karman line).



Space exploration

Early space exploration experienced ‘triumphs and tragedies,” accidents and fatalities. Space was,
and is, dangerous, even with good equipment, mission design teams and suitable training. Fatalities
in the US missions included three astronauts (Gus Grissom, Ed White and Roger Chaffee) in the
Apollo 1 fire (27 January 1967). For the 50" anniversary of their deaths NASA’s Office of Safety &
Mission Assurance released its video safety message ‘Apollo 1: Lessons and Legacies.” NASA
recognized the ‘major mishaps’ that resulted in substantial changes to their safety culture.'* In the
later Space Shuttle program deaths occurred with Challenger (28 January 1986) and Columbia (1

February 2003). Soviet cosmonauts also died. Many challenges remain in space exploration.

International Space Station ™

For example: ‘What are the long-term health effects of spaceflight?’ British ESA astronaut Tim
Peake who spent 186 days (December 2015 to June 2016) on the International Space Station (ISS)
answered this in his book Ask an Astronaut:
® Muscle deterioration (mass decrease up to 20% after 5-11 days)
* Bone deterioration (less load on bone so loss of around 1.5% bone tissue per month,
compared to elderly people losing this amount annually)
* Visual impairment (survey of about 300 astronauts revealed ‘60 per cent of those who had
flown long-duration missions experienced a degradation in visual acuity’)
¢ Radiation exposure (astronauts receive higher doses than people on Earth)
e Vascular ageing (arteries stiffen, ‘six months in space is the equivalent of 10-20 years ageing
on Earth!”)
¢ Back/neck pain (over half astronauts attribute this pain to missions)

¢ Depleted immune system (infection risk or ‘allergy symptoms’).



Peake explained treatments in space and on Earth to offset these effects, e.g., exercise, diet,
supplements, possible special clothing, radiation shielding, physiotherapy, individual rehabilitation
programmes, further studies. He noted that studies on astronauts’ health/recovery help develop
drugs for people on Earth, e.g., osteoporosis treatment. Nevertheless, ‘If spaceflight where a drug,

then the list of possible side-effects might well put you off taking that road to the stars!”'>

Surviving Mars missions is very challenging. NASA’s Melanie Whiting and Laurie Abadie
identified 5 hazards on the human body and mind for astronauts experiencing extended spaceflights:
(1) radiation, (2) isolation and confinement, (3) distance from Earth, (4) gravity changes, and (5)
hostile/closed environments. Specifically, ‘The first hazard of a human mission to Mars is also the
most difficult to visualize because, well, space radiation is invisible to the human eye. Radiation is

not only stealthy, but considered one of the most menacing of the five hazards.”'

Similarly, Laurie J. Abadie and co-authors in ‘Gravity, Who Needs It? NASA Studies Your body in
Space,’ stated ‘The most dangerous aspect of traveling to Mars is space radiation. On the space
station, astronauts receive over ten times the radiation than what’s naturally occurring on Earth.”"”
Earth’s magnetic field and atmosphere protect us from cosmic radiation but the ISS is above our
atmosphere although it still has protection from Earth’s magnetic field. Mars doesn’t have a global

magnetic field like Earth and its atmosphere is much thinner.

What about astronauts/cosmonauts on the ISS? According to Peake, they receive: (1) average daily
doses of 0.7 to 1 mSv (pronounced millisievert), and (2) after six months this exposure is equivalent
to around 60 years of normal natural exposure on Earth, or receiving eight chest x-rays daily!"
During spacewalks they receive higher doses. ‘The bad news is that there’s no way to sugar-coat the
fact that astronauts do receive a large dose of radiation during long-duration space missions.” On
cancer risk, he noted NASA’s requirement that the increased risk isn’t ‘greater than 3 per cent above

the estimate for the general population.’

What though about radiation doses on Mars missions? In 2013, Francis A. Cucinotta and co-authors
asked ‘How Safe Is Safe Enough? Radiation Risk for a Human Mission to Mars,” Then in 2017
Sarah Scoles stated ‘NASA likely to break radiation rules to go to Mars,” and in 2018 Meghan
Bartels wrote ‘Astronauts going to Mars will absorb crazy amounts of radiation. Now we know how
much.””” Moreover, a University of New Hampshire article commented that over time space

radiation is becoming more hazardous — a concern for astronauts and satellites.”



A study of radiation exposure on mice led the authors to state it inhibited cognitive function:
the most logical conclusion to draw from these studies is that cosmic radiation exposure poses
a real and potentially detrimental neurocognitive risk for prolonged deep space travel. With
the growing realization that space is a radioactive environment comes the need to more

completely define these risks with more certainty through continued research.?!

Further, a Georgetown University study on radiation exposure of mice with heavy ions, recognised
space radiation adversely affecting astronauts’ guts. Georgetown University Medical Center
summarised the report, which expressed concerns over exposure on long trips causing ‘lasting

injury.”** One mitigation is taking medicine, but this hasn’t been developed.

To put this in context, NASA compared the human radiation dose from a 180-day transit to Mars,
500 days on Mars and then a return of another 180-day transit to Earth in ‘Radiation Exposure
Comparisons with Mars Trip Calculation.” The total dose is about 1 sievert (1,000 mSv) while each
section contributes around one-third of the dose. It notes that the sievert ‘is a measurement unit of

radiation exposure to biological tissue.’> But this figure could be higher on missions.

While a study of early NASA astronauts didn’t find an ‘excess radiation-associated cardiovascular
or cancer mortality risk,” it cautioned that the study had statistical limitations.** Nevertheless, a short
report ‘Mortality of US astronauts: comparisons with professional athletes’ (2018) concluded ‘The
data presented here do not support increased mortality for astronauts due to unique exposures
received in space.” This interesting study, though, has limitations, as the authors admit, and as
professor Frank Cucinotta (who didn’t participate in the study) rightly remarked to Voice of
America (VOA): past missions were low doses but Mars missions will be higher by a factor of 50 or

100.% This is clearly important.

Sensibly, NASA asked the Institute of Medicine for guidance on the ethics of space exploration and
health risks. It produced its recommendations in Health Standards for Long Duration and
Exploration Spaceflight: Ethics Principles, Responsibilities, and Decision Framework (2014, 174
pages).” Later, Laurie Zoloth enquired ‘Is a trip to Mars ethical?” and cautioned ‘But before we set
out we need a far-reaching public discussion of what space travel means to us — and what we are
prepared to sacrifice for it.”*” For a useful video see Jingnan Guo, So you want to travel to Mars?
Watch out! TEDxKiel University 2 January 2016 (https://www.youtube.com/watch?
v=QBi8BTK71Mk).


https://www.youtube.com/watch?v=QBi8BTK71Mk
https://www.youtube.com/watch?v=QBi8BTK71Mk
https://www.nap.edu/read/18576
https://www.nap.edu/read/18576

But let’s do two quick sums before proceeding. If the estimated individual doses to astronauts on a
three-year round trip to Mars is 1,000 mSv, how does this compare with the radiation dose to the
UK population? In my JRI Briefing Paper No. 37 (see above) I showed that the average individual
dose from natural sources is 2.25 mSv per year. So, this means it’d take around 444 years to receive
the same dose as astronauts receive on just a three-year roundtrip to Mars! Second, how does this
compare to workers employed at EDF Energy’s nuclear power stations in our country? Well, EDF
Energy works to a company dose limit of 10 mSv per year. So, such workers would need to be
exposed for 100 years continuously to receive the same dose as the Mars astronauts! In practice
workers have average doses less than 10 mSv per year and even the highest individual doses are

less than 10 mSv.?

Radioisotope power sources, nuclear propulsion and nuclear reactors

Yes, we need to control astronauts’ radiation. However, it may surprise readers that radioactive
power sources are used in space missions. NASA explained ‘There are no gas stations or power
outlets in space. That's why NASA's Curiosity rover on Mars—and some other NASA spacecraft

that explore the solar system—use something called “radioisotope power.”*

Further, it stated ‘It might sound surprising, but there are currently only two practical options for
providing a long-term source of electrical power for exploring space: the light of the sun or heat
from a nuclear source such as a radioisotope.’*® Both methods are used but radioisotopes have
additional benefits. Again:
Radioisotope Heater Units (RHUs) have been called the “unsung heroes” of radioisotope
power technology. Most spacecraft can use solar energy to provide heat for keeping their
structures, systems, and instruments warm enough to operate effectively. But when other heat

source technologies are not feasible, an alternate heat source is required for the spacecraft.”!

Europeans are also interested in developing such radioisotopes and the International Atomic Energy
Agency’s (IAEA) video Exploring Space with Nuclear Energy helpfully explains radioisotope
power systems (‘nuclear batteries’) and their role in space.’* They can operate for 40 years without

charging.

Finally, there’s ongoing research on nuclear propulsion. In 2018, NASA reported ‘Nuclear Thermal
Propulsion: Game Changing Technology for Deep Space Exploration,” as nuclear thermal

propulsion would reduce the spacecraft’s transit times between Earth and Mars while leaving time
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to explore its surface. This has the advantage of reducing astronauts’ radiation doses and other
hazards (e.g., microgravity effects). Moreover, the Kilopower project is developing reactors to
deliver electricity supplies on the Moon and Mars.” Safety aspects of nuclear reactors and
propulsion systems were addressed in Space Safety Regulations and Standards.’* Also, the
International Association for the Advancement of Space Safety has its ‘Manifesto for a Safe and

Sustainable Space’ (http://iaass.space-safety.org/).

Planetary protection

In space exploration there’s concern about planetary protection, i.e., that we don’t contaminate
planets, through robots or astronauts, with our bugs, or conversely, bring back bugs to Earth from
other planets. This isn’t just theoretical as on 29 November 2018 Brigit Katz addressed ‘Drug-
Resistant Bacteria Found on International Space Station Toilet,” although ‘they do not currently
pose any threat to astronauts on board the Space Station.” But monitoring is required to ensure
astronauts remain safe and healthy.” Authors Tan Whittaker and Gareth Dorrian (Nottingham Trent
University) identified ‘inadvertent contamination’ as one of their five reasons for returning to the
Moon before going to Mars. Moon first then Mars is, of course, what President Trump introduced in

Space Policy Directive 1.3

Space weather

Next, let’s introduce space weather’s potential impact upon activities in space and on Earth. Is this
just theoretical? No. In 2015 the US’s National Space Weather Action Plan stated:
Changes in the near-Earth radiation environment can affect satellite operations, astronauts in
space, commercial space activities, and the radiation environment on aircraft at relevant
latitudes or altitudes. Understanding the diverse effects of increased radiation is

challenging...”’

How did this interest arise? First, in 1859 English astronomer Richard C. Carrington recorded the
largest space weather event so far (a solar superstorm) and its severe impact on the telegraph
systems (called the Carrington Event). The Northern Lights (Aurora Borealis) were seen much
further south in sub-Saharan Africa. Then the 19" Century didn’t have the vast electrical
infrastructure systems that we operate now. But as our technology has grown dependent on

electricity, we’ve become more vulnerable to space weather.


https://www.smithsonianmag.com/author/brigit-katz/
http://iaass.space-safety.org/

For example, in 1989 space weather impacted on the electrical grid in Quebec, Canada, affecting
millions of customers for 9 hours. In July 2012, a satellite measured a large event that fortunately
missed Earth.*® In 2011, the Cabinet Office’s Keeping the Country Running: Natural Hazards &
Infrastructure, identified severe space weather as a concern with seven potential impacts on
infrastructure resulting in disruption or loss, e.g., ‘Loss of power supplies,” ‘Loss of satellite
communications and computer based control systems.’* Further, the Cabinet Office’s National Risk
Register of Civil Emergencies (2012) included severe space weather. It defined a civil emergency as
something ‘which threatens serious damage to’ human welfare, the environment, or security.*’ As a
newly assessed risk, space weather was described as covering ‘a range of different phenomena,
including solar flares, coronal mass ejections and solar energetic particle events’ (para. 2.3).
Paragraphs 3.39-3.50 explained its risk, background and impacts on power networks, satellites,
aviation, and digital control systems.

Subsequently, the Cabinet Office issued the Space
Weather  Preparedness  Strategy ~which  was
informed by the Royal Academy of Engineering’s
(RAE’s) Extreme space weather: impacts on
engineered systems and infrastructure — Summary
report (2013).*' More recently, the National Risk
Register of Civil Emergencies — 2017 edition (NRR)
assessed severe space weather.*” It noted hazards
from our Sun (I quote):

* solar flares which reach Earth within a few

hours and can cause radio blackouts;

The Sun causes space weather on Earth ™

* solar energetic particles which travel
somewhat slower and cause solar radiation
storms, potentially harming astronauts if not forewarned; and

» coronal mass ejections (CME) which take up to four days to reach Earth and cause

geomagnetic storms.

Further, the register identified that consequences may include (I quote):
* electricity blackouts, potentially causing fatalities and physical / psychological casualties;
* loss / disruption of Global Navigation Satellite Systems (e.g. GPS or Galileo);
» disruption to essential services, particularly air travel, energy and communications; and

« increases in background radiation doses high in the atmosphere and in space.®



Let’s consider the RAE’s Extreme space weather on risks to civil aircraft passengers and crew.
Routine radiation exposures occur for those involved in air travel. But space weather presents
another challenge:
Passengers and crew airborne at the time of an extreme event would be exposed to an
additional dose of radiation estimated to be up to 20 mSv, which is significantly in excess of
the 1 mSv annual limit for members of the public from a planned exposure and about three
times as high as the dose received from a CT scan of the chest.*
Moreover, ‘Such levels imply an increased cancer risk of 1 in 1,000 for each person exposed,

although this must be considered in the context of the lifetime risk of cancer, which is about 30%.’

They rightly remark that this type of event ‘would generate considerable public concern.’

In addition to the NRR, local community risk registers exist, e.g., the Merseyside Community Risk
Register 2018. This mentioned the Met Office Space Weather Operations Centre.* In fact, the UK
Met Office observed ‘Space weather poses a risk to critical infrastructure such as the electricity
power grid, aviation, satellites and global navigations satellite systems (GNSS). In response to this
risk, we now produce regular operational space weather forecasts.”* Space weather on near-Earth
space causes the Northern Lights. Although these lights are beautiful, space weather can be severe
in its impact on ‘our increasingly technologically-dependent society.”’*” The US National Oceanic
and Atmospheric Administration (NOAA) operates a Space Weather Prediction Center

(http://www.swpc.noaa.gov/).

In April 2017, the London School of Economics report Economic impact to the UK of a disruption
to GNSS [Global Navigation Satellite Systems] stated:
Applications that use GNSS are widespread, but the full extent and nature of use, as well as
their resilience to a GNSS outage, has not been well understood. This gap in knowledge is
concerning, as GNSS is subject to various vulnerabilities to failure. Given the coincidence of
widespread use (including safety-critical applications) and vulnerability, the question
naturally follows:
What would happen if GNSS were not available temporarily?*

This informative report concluded that besides much inconvenience (see ‘A day in the UK with

GNSS,’ p.2 and ‘A day in the UK without GNSS,’ p.6) there is a staggering financial cost:

The economic impact to the UK of a five-day disruption to GNSS has been estimated at
£5.2bn. This is comprised of £1.7bn in lost GVA [Gross-Value Added] and £3.Sbn in lost


http://www.swpc.noaa.gov/

utility benefits (including damages). Applications in road, maritime, and emergency and

justice services account for 88% of all impacts.”

Space debris and near-Earth objects

Space debris is deadly serious. In 2016, Patricia Lewis (at Chatham House) noted:
Orbital space debris is a major problem. NASA tracks more than 500,000 pieces of orbital
debris and there are millions more pieces too small to track — each could do serious damage to

the global network of satellites and is a constant threat to the space station.™

Further, the UK’s National Space Policy (2015) commented ‘The UK will continue to play a
leading role in promoting a sustainable, safe, secure and peaceful space environment, especially
working through the United Nations Committee on the Peaceful Use of Outer Space.” And it
addressed space debris, ‘The UK is one of the leading countries in orbital debris research. The UK
Space Agency is working in partnership with industry and academia to address the problems and
create solutions for the growing issue of space debris.”*! Also, ESA’s Annual Space Environment
Report (May 2018) recognised this serious issue: ‘there has been more space debris in orbit than

operational satellites.”*” See its informative video Space debris 2017 - a journey to Earth.”

Back in 2010, the US National Space Policy stated it would ‘Preserve the Space Environment.
For the purposes of minimizing debris and preserving the space environment for the responsible,
peaceful, and safe use of all users, the United States shall...” Clearly, NASA is involved with orbital
debris and threats to satellites and spacecraft. On 18 June 2018 the presidential memoranda by
President Trump Space Policy Directive-3, reiterated efforts to ‘minimize the space debris

environment.’>*

Besides space debris there are near-Earth objects in space — some are potentially harmful. To care
for Earth and our environment we must look into space. Why? They can collide causing
considerable damage. A near-Earth Object (NEO) refers to ‘an asteroid or comet whose orbit
periodically brings it within approximately 121 million miles (195 million kilometres) of the Sun —
that’s within about 30 million miles (50 million kilometres), of Earth’s orbit.” NASA has a Planetary

Defense Coordination Office and ESA also addresses planetary defence.”
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» Barrihger Crater Winslow Arizona caused by an asteroid 50,000 years ago ™

One major asteroid impact 66 million-years ago at the Yucatan Peninsula (Mexico) was involved in
the destruction of the dinosaurs.”® A 50 m asteroid, 50,000 years ago, created the large Barringer
Crater, in Winslow Arizona (also called Meteor Crater), and produced a central fireball affecting

plants and animals, a pressure wave killing/wounding large animals and hurricane force winds.”’

In 1994, the comet Shoemaker-Levy 9 hit Jupiter with twenty-one impacts seen. According to Ian
Stewart, the largest had more than 600 times the energy of all nuclear weapons held on Earth. He
noted ‘The largest impact scar on Jupiter was the same size as the Earth.” This event prompted the
US to catalogue near-Earth asteroids.”™ Then on 15 February 2013 an asteroid about 20 m in size
burst unexpectedly over Chelyabinsk, Russia. It was widely shown on news broadcasts. The
damage, reported by Jiri Borovic in The Chelyabinsk event, included accidental injuries from
broken glass and damaged buildings.” NEOs are now tracked, recorded and analysed. Mitigation

strategies for dealing with them are being developed.®

In 2018, ESA sensibly advertised the first joint technology conference (held January 2019) that
‘brings together two fundamental pillars of space safety and security: the hunt for near-Earth

objects, like asteroids, and the need to detect space debris in Earth orbit.”®'

Engaging with space

But are enough people interested in, and supportive of, the space sector? Should they be? Truly, we
can be curious about, and amazed at, God’s vast and wonderfully created universe (see Tim Peake’s

2016 book Hello, is this planet Earth? My view from the International Space Station).

Importantly, the UK’s Industrial Strategy supports space, while the Space Growth Partnership,
Prosperity from Space: A Partnership Strategy for the UK, an Industry-led Sector Strategy
(www.ukspace.org/wp-content/uploads/2018/05/Prosperity-from-Space-strategy 2May2018.pdf)
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and others (e.g., Space Applications Catapult, https://sa.catapult.org.uk/) show us achievements,
challenges and opportunities. There are economic, employment, environmental and medical
benefits through space technology. And in education? The UK Space Agency’s strategy supports
STEM (science, technology, engineering and mathematics) subjects in primary and secondary
schools to grow the space sector. Moreover, its annual SatelLife Competition ‘is looking for
innovative proposals that have the potential to use data collected from space to benefit our

economy, health or the environment.”®

First, should people be concerned over space debris and near-Earth objects? Certainly. We’re
concerned to clean up plastic pollution on Earth, we should be concerned to clean up space debris
and prevent its increase. Asteroid and comet impacts may have low probability, but they should
continue to be tackled by research, tracking and action to prevent potentially devastating damage.
Interestingly, a Pew Research Center report noted ‘More Americans view monitoring climate or

asteroids as top NASA priorities than do so for sending astronauts to the moon or Mars.’®

Second, space weather is a constant challenge in our technological world. It can severely affect life
on Earth, people in aircraft, satellites and astronauts in space. We can be thankful that it’s in the
UK'’s National Risk Register and for space weather prediction centres with their spacecraft that
monitor solar activity. For the dedicated scientists and engineers working in agencies and

institutions that research and operate systems to protect us we should give thanks.

Third, what about space exploration and
curiosity in our created universe? Going to
the ISS and Moon is one thing but what
about Mars? If we can go there, should we?
Views are polarised. Andrew Glikson’s

article clearly cautions ‘Before we colonise

Mars, let’s look to our problems on Earth.’
Mars “InSight’ lander s first ‘selfie’ photograph, For example, funds ‘would be better directed

taken 6 December 2018. Courtesy NASA/JPL-Caltech ™
at the defence of the lives of more than 7
billion humans on Earth, as well as
protection of animals and of nature more broadly.” And ‘The ethical polarity between those
dreaming of conquering space and those hoping to defend Earth from global heating and a nuclear

calamity could not be greater.”** Yet, of course, satellites monitor our space and Earth environments.
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But going to Mars has the outstanding issue of short- and long-term health risks for astronauts,
especially from radiation exposure. To be sure NASA, and other groups, are researching and
assessing these risks and developing, for example new shielding materials like hydrogenated boron
nitride nanotubes, medicines etc.”> NASA appears confident that it can succeed against the main
challenges. But would astronauts land on Mars debilitated or dead? Could they return safely to

Earth?

Space matters. The United Nations Office for Outer Space Activities (UNOOSA) stated:
Space science and space applications advance our knowledge of the universe. They also
improve the daily lives of people worldwide through their contributions to environmental
monitoring, management of natural resources, meteorological forecasting, climate modelling,
satellite navigation, communications, and early warning systems to help mitigate potential
disasters.®
But it warned that long-term sustainability is necessary to maintain and improve such benefits.
Secure Word Foundation focuses primarily on maintaining sustainability which includes actions on
satellites, debris, space weather and international cooperation.®’” The International Atomic Energy
Agency (IAEA) uses satellites to enhance its safeguarding operations in preventing the spread of

nuclear weapons.®®

Further, the UK Space Agency (UKSA) report Space for Agriculture in Developing Countries
showed the contributions that space solutions make to major challenges affecting societies.”® In
October 2018, UKSA and Science Minister Sam Gyimah announced ‘Free satellite data to help
tackle public sector challenges,” with Gyimah noting ‘From monitoring plastic pollution to
supporting the next generation of electric vehicles, satellite imaging is transforming our society
from the skies.’™ A new British satellite (NovaSAR-1, launched 16 September 2018) can see
through clouds and image Earth’s environment to view oil spills, illegal shipping and check on
deforestation.”' Again, people should be pleased with such space contributions to keep our planet

safe and secure for human beings and other creatures.

The early days of the Space Race involved rivalry between the superpowers Russia and America.
Now, with more players on the field including commercial operators, the operations on the ISS and
other projects, demonstrate increased international cooperation, as Canadian astronaut Chris
Hadfield showed in An Astronaut’s Guide to Life on Earth: Life Lessons on Earth. People should be

glad for such cooperation.
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In the US, Marshall Connolly (Catholic online) and the Evangelical Christian professor Joshua D.
Ambrosius have argued in support of space exploration.” Indeed, Ambrosius’s 2015 research
showed ‘evangelical Protestants in the U.S. are the least supportive of space policy. However,
evidence showed that pro-science messages from the pulpit can change evangelicals’ perceptions of
space exploration. The article concludes with calls for increased, concerted outreach to evangelicals

and other religious publics by the space community.’”

Christians should be challenged, encouraged, and inspired by the important space matters I’ve
introduced. Should some become involved? Yes. There are opportunities for children, women and
men. For example, Christians in Science author Professor Andrew Halestrap clearly addressed
science as a Christian vocation.” Choosing to study STEM subjects is worth considering. There
may be difficulties, I agree, but perhaps some Christians could find inspiration in Margot Lee
Shetterly’s book Hidden Figures: The Untold Story of the African American Women who helped win
the Space Race (now on film). These ‘black female mathematics’ struggled to succeed against
prejudice and limited opportunities during discrimination in the Civil Rights Era (something I
witnessed on TV in the 1960s). Many in the struggle were Christians, such as Katherine Johnson
who performed the calculations for John Glenn’s 1962 flight in Earth orbit and safe return to Earth
(Hidden Figures, pp. 213-232).

There is work to be done in ‘embedding a much-needed environmental ethic into space activity’
argued Alexandra Taylor and Christopher Newman from the University of Northumbria.” Wouldn’t
it be good to hear the public voice of the church more and see church leaders equipped to help

people engage in ethical issues related to space?
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