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Introduction

Cosmically speaking, the Earth is a relatively safe place. Our planet is a wet and rocky one, with a metallic core and hospitable atmosphere. It orbits a main-sequence star (don’t worry, we’ll explain this later) at a distance of 93,000,000 miles, and is situated in an outer spiral arm of the Milky Way Galaxy. From our position on the ground, our home in the Solar System seems constant, safe. And yet, were it not for these facts, you wouldn’t be here to read this book (nor I to write it).

Out there in space, beyond the confines of Earth’s atmosphere, there exists a multitude of potential hazards. Some of these hazards have the ability to, and certainly one day will, end our planet as we know it. Luckily for us, the probability of these events occurring are cosmically unlikely, or will not happen for billions of years. There are other hazards, however, that although don’t threaten the reality of Earth itself, still pose a risk to the way we live our daily lives. These lower-consequence hazards occur far more frequently, with some likely happening right now.

There are also, of course, a countless number of ways humans could render our own home unhabitable – but that is not the topic of this book. In the following pages, we’ll explore the hazards in space beyond our atmosphere, ranging from the likely and low risk, to unlikely and catastrophic. Let’s dive in, to talk about Space Hazards.

[image: View of Europe at night from space, showing illuminated cities and networks of lights highlighting urban areas in the UK, Ireland, France, and surrounding regions against a dark backdrop.]
The night lights of north-western Europe from space, during the London 2012 Olympic Games.









The Sun and Space Weather

[image: Glowing solar flares and bright loops of plasma erupting from the sun’s surface, showcasing intense solar activity.]
Extreme ultraviolet image of the Sun from NASA’s Solar Dynamics Observatory.


[image: Sun with a visible dark spot representing Venus transiting across its surface. Sunspots are scattered around.]


With a diameter 109 times larger than the Earth, located only 150 million kilometres from us, the Sun is both a source of life and significant risk for us here on Earth.



[image: An astronaut floating alone in the vastness of space above the blue curvature of Earth.]
The first untethered spacewalk, from the Challenger Space Shuttle.







A Delicate Balance

The Sun is a star, no different fundamentally to the thousands of other stars visible to your naked eye on a clear, dark night. The only thing that makes our Sun special, is that it’s the only star in the Universe we know to host a planet with life. It is almost certainly not the only star to host life, but the only one we know does with certainty (a fact that is unlikely to change any time soon).

Life as we know it depends on one substance in particular – water. More specifically, liquid water. There are some theories suggesting life could evolve to depend on solvent liquids, but for all life as we know it (which includes us), liquid water is the key. A major problem of life depending on liquid water to exist, is that it severely confines that temperature range in which life can begin. As we all know, if liquid water becomes too cold, it freezes to ice. Too hot? Evaporated to water vapor. In Earth’s atmosphere, the temperatures at which these transitions happen are around 0 ˚C and 100 ˚C respectively, depending on your altitude. This temperature range differs with pressure of the air around us, and even vanishes in the vacuum of space. At low enough pressures, liquid water can’t exist at all – heating up ice will change it directly to water vapour, without liquid water as the middle step.

Even with a range of 0 to 100 ˚C, this narrow temperature window is rare throughout the Universe. Most of the visible mass in the Universe exists in stars, where temperatures are thousands of degrees Celsius at their surface, and millions in their core. Most of the space by volume in the Universe is taken up by interstellar and intergalactic space – the vast swathes of space between stars and galaxies. Out here, temperatures are often lower than -250 ˚C, close to the universal minimum temperature limit of -273.15 °C (called absolute zero). All this is to say, that most of the mass and space within the Universe sits far outside the comfortable temperature range of liquid water.


For Earth, liquid water and life are on our planet. But elsewhere in space, liquid water can exist in a planet, warmed by an internal energy source beneath an icy surface layer. These conditions occur within the moons Europa and Ganymede of Jupiter, and Enceladus of Saturn.



[image: Earth viewed from space, showing swirling white clouds, blue oceans, and contrasting landmasses.]
Earth, photographed from Apollo 17.


Almost all the places where both the temperatures and pressures required for liquid water (and therefore life) to exist, occur in, on, or around one type of environment – planets.

Like the rest of the rocky planets in our Solar System, Earth gets the majority of its energy from the Sun – 99.97% to be exact. The remaining 0.03% comes from geothermal energy, driven by nuclear fission in the Earth’s core.

Our planet needs the Sun to provide the heat required to allow liquid water to exist. Without the Sun’s energy, there would be almost no liquid water on Earth, with the exception of some liquid pockets surrounding geothermal vents, beneath an otherwise icy ocean.

The temperature of the Earth is determined primarily by the amount of energy we receive from the Sun, and how it is received at Earth. This incoming energy relies on three factors:


	•our distance to the Sun

	•the energy produced by the Sun

	•how the Sun’s energy is absorbed or reflected by Earth’s atmosphere.



There exists an area where all three of these factors align, making temperatures not too hot for liquid water, not too cold, but just right. This region is aptly named the ‘goldilocks zone’ or ‘habitable zone’. If a star evolves to change its energy output, as will one day happen to our Sun, the goldilocks zone will dramatically change from its current position. If a planet migrates from its orbit around a star, it can also move in or out of the goldilocks zone. This has previously happened to Earth hundreds of millions of years ago, in the early Solar System.

The goldilocks zone is also not identical for every planet, as it depends on each planet’s atmosphere. If Earth were to swap places with Venus, for example, Earth would still be within the goldilocks zone. Venus, however, with a thick carbon dioxide atmosphere producing surface temperatures of over 450 ˚C, is not inside the habitable zone for a planet of its kind. Therefore, liquid water (and water-based life) is not viable on Venus.

Any significant change to the distance between Earth and Sun, energy output of the Sun, or atmosphere of the Earth, would move us out of the goldilocks zone. This would be disastrous for any life relying on liquid water... which is all life as we know it.






Death of the Sun

The Sun, like all stars, lives its entire life in a battle against its own gravity. With masses millions to hundreds of millions of times greater than the Earth, stars need a strong power source within them to resist collapsing under their own weight. In the case of the Sun, this power source comes from the nuclear fusion of hydrogen atoms into helium. This process happens within the core of the Sun, where pressures are so great that individual hydrogen atoms are compressed together until they combine into a helium atom. This process, repeated 3,700,000,000,000,000,000 times every second within the Sun, produces enough of an outwards force to resist the gravitational collapse of the star. Stars, like the Sun, that produce energy in this way, are called ‘main sequence stars’.

Gravity always tries to pull the star in on itself. This gravitational pull is determined by the mass of the star and thus changes relatively little over a star’s lifetime. However, the outward force resisting gravity, like the nuclear fusion of hydrogen to helium in a main sequence star, can change. If, for example, a main sequence star begins to run out of hydrogen in its core, the rate of nuclear fusion, and therefore the strength of the force resisting the star’s gravitational collapse, will weaken. The change in this outward force will then alter the balance between forces resisting the collapse, which will ultimately change the physical size and temperature of a star. Such a change in a star’s size will dramatically impact the location of its habitable goldilocks zone. This is bad news for any life relying on a star to create a habitable environment.

Oh yes… that’s us.

In a little over four billion years from now, our Sun will follow this scenario as it runs out of hydrogen in its core. This will cause the Sun to contract. However, it won’t contract forever. Instead, it will do this up to the point where temperatures and pressures in the contracting core reach conditions never before experienced in the Sun, allowing the nuclear fusion of helium into carbon to begin. This reaction releases considerably more energy than hydrogen to helium fusion, providing a much stronger outward force against the inward gravity. This causes the Sun to expand into a red giant. A red giant star can have a radius up to 100 times its previous size, with its mass unchanged.

When the Sun expands into a red giant, it will grow large enough to swallow up the orbits of Mercury and Venus. Even if its outer edge does not engulf Earth (it might), the new surface temperature and distance to Earth will vastly shift the habitable goldilocks zone within the Solar System – leaving Earth completely uninhabitable.

[image: Colorful nebula radiating bright blues, greens, and reds in a circular pattern, surrounded by distant stars against a black space background.]
The Ring Nebula, observed in infrared light by the James Webb Space Telescope. The Ring Nebula is a ‘nearby’ (2,500 light years away) planetary nebula, somewhat resembling the end fate of our own Sun. In the core of the nebula, you can make out the remaining white dwarf star.


[image: Blurry view of the red supergiant star Antares showing bright and dark patches on its surface against a black background.]
An image of the red supergiant star Antares, captured by the European Southern Observatory’s Very Large Telescope. This is the highest resolution image of a star beyond our own Sun.


During this red giant period, the habitable goldilocks zone will be much farther from the Sun, likely encompassing the orbits of Jupiter and Saturn. It is possible that rocky moons of these planets may increase in habitability during this period.

Further into the Sun’s future, the nuclear fusion of helium into carbon (which will have supported the Sun’s life as a red giant for an extra billion years or so) will also cease. At this stage, the outer layers of the Sun will expand into the Solar System, leaving behind only the Sun’s dense core. As these outer layers drift into space, they will form what we call a planetary nebula. The remaining core will collapse to a size close to that of Earth, yet still containing about a third of the Sun’s original mass. This remnant core is called a white dwarf star, combating collapsing into a black hole only by the resistive force between compressed atoms. Although white dwarf stars no longer produce energy, they are still hot and incredibly energy dense, taking tens of billions of years to slowly cool down. Our future white dwarf will also have a habitable zone but that will be far closer to the white dwarf Sun’s surface than we are now.

It is hard to imagine a future where the Sun’s expansion into a red giant doesn’t leave Earth completely uninhabitable. Out of all the hazards listed in this book, this one is the earliest hazard guaranteed to end life on Earth. However, there is no need to despair. By the time the Sun’s expansion comes in four billion years, one of two things will most likely be true. Either we will have long since possessed the technology to leave Earth (and likely the Solar System) behind, or humans will have been long gone. After all, four billion years is four times longer than the entire timeline of life on Earth – a lot can happen by then.




Solar Flares and Radio Blackouts

[image: Solar flare erupting on the sun’s surface, emitting bright green, red, and yellow light against a dark background.]
X9-class solar flare from 3 October 2024. At the time of this event, this was the largest solar flare viewed from Earth since September 2017. Composite image from the 13.1 and 17.1 nm extreme ultraviolet filters of NASA’s Solar Dynamics Observatory’s Atmospheric Imaging Assembly.


Although we have a few billion years before worrying about the death of the Sun, there are processes happening on the Sun right now that can pose a far more immediate threat to Earth.

Solar flares

Solar flares are bursts of energy in the Sun’s atmosphere. Far from the nuclear fusion within the Sun’s core, the Sun’s atmosphere (which we call the corona) is dominated by a different force – electromagnetism.

The Earth has a relatively simple magnetic field, with one north and one south pole. On the Sun, magnetic fields can be a bit more complicated. During active periods on the Sun, regions of concentrated magnetic fields manifest themselves as sunspots, which act as mini north or south poles on the Sun’s surface. The Sun can be covered in sunspots and thus have a complex magnetic web full of north and south poles. As the Sun rotates, and new sunspots emerge and interact with one another, the magnetic field in the Sun’s atmosphere can become twisted and tangled. This produces a rapid build-up of excess magnetic energy in the corona.

Like all things in nature, the Sun prefers to be at the lowest energy possible and wants to get rid of all the excess magnetic energy it collects within the corona. Eventually, as magnetic energy builds up past a critical point, the magnetic field essentially snaps and returns to a lower energy configuration. But energy can’t just disappear – it must go somewhere. In the case of the Sun, the excess magnetic energy is converted into the acceleration of high energy particles, the heating of local plasma, and light (all across the spectrum). This rapid conversion of energy is what we call a solar flare. The ‘breaking’ of the magnetic field into a lower energy configuration also has a scientific name – magnetic reconnection. (This will be important later on.)


The Sun’s atmosphere gets its name from the Spanish word for ‘crown’. It shares a similar name to coronavirus which also gets the name from the same Spanish origin.



Solar flares truly produce an immense amount of energy. Over the duration of a moderate-sized solar flare, the Sun releases more than 10,000,000,000,000,000,000,000,000 joules of energy in just a few minutes. To put this into perspective, it would take 1 billion nuclear power stations a year to produce this same sum of energy.

Solar flares produce light all across the light spectrum, but most of the energy is converted into long wavelength X-rays. It is this magnitude of long wavelength X-rays (within a narrow wavelength range) that we use to classify the strength of a solar flare.

[image: Solar flare emitting bright red and orange arcs against a dark background.]
X11-class solar flare from 10 September 2017. Positioned over the edge of the Sun, this flare provides a unique view of heated
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Radio blackouts



[image: Bright green solar flare erupting from the Sun’s surface with swirling patterns visible across the Sun.]
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