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CHAPTER ONE

SWEDEN – AT FIRST SIGHT

THE NIGHT WAS a velvet canvas scattered with stars. Pillars of colour streaked down from above; green fringed with red and yellow disappearing up into the heavens. The lower edge twisted into a bright band against the darkness. Slowly the colours rippled and broke and reappeared elsewhere, until, suddenly, the whole sky exploded into colour like paper bursting into flames. Here were the northern lights in spectacular form.

It seemed this dance of such dynamic energy was stretched above the whole Earth; the individual dancers moving to their own tunes but somehow in harmony. Twirling and writhing, rippling and pulsing, the shapes rose and fell, sometimes exploding across the sky in a delicate shower of pinks and purples within the dominating green. It was as if a thousand people whirled with green silk sashes and scarves, all different shapes and sizes, swooshing and billowing independently. It was as dramatic as a thunderstorm, yet calm. Gentle, yet astonishing.

The northern night sky is not always this active. There are times of glorious intensity and times of pale tranquillity. There are nights when there is colour and motion; others when there is only a vague streak across the sky and any movement is barely discernible. There are places on Earth where this wild sight is commonplace, the calm colours barely remarked upon; yet for the majority of the world’s population the lights are a novelty, a rarity or an irrelevance, all depending on one’s location relative to the polar regions.

The northern lights is just one of a pair of twin phenomena. The aurora, or polar lights as it may be generically called, occurs both in the northern and southern hemispheres in ringed regions around the Earth’s poles – or, more specifically, around the Earth’s magnetic poles. The regions do sometimes expand, giving mid-latitude residents a glimpse of the magic, but, for the most part, to see the lights we need to travel north. So we head to the auroral zone, this narrow band of latitude where the northern lights are a regularity – to northern Scandinavia, Siberia, Canada or Alaska. To seek the southern lights means a trip to Antarctica, unless the night is one of elevated auroral activity when we might see a colourful haze in the south of New Zealand, or in rare, extreme circumstances when the aurora moves equatorwards. 

The aurora has a reputation for being elusive, which adds to its mystery and attraction. It is a natural process, completely out of our control. To see it, you must be in the right place at the right time. The conditions must be favourable, too; the skies should be dark and clear. Clouds mask the view, and stray light – even moonlight – can wash out the delicate colours of the aurora. To see it in full splendour is a gift: a coveted, capricious gift.

The need for darkness makes the aurora a winter-time treat. In the summer months in the high-latitude locations where the aurora is created, the top of our planet is tilted directly towards the Sun, always in range of its light. At the Arctic Circle the Sun never sets between mid-June and the beginning of July, and the Earth’s poles see this midnight sun for half the year. Even further south of the Arctic Circle – towards the south of Scandinavia, the northern reaches of Scotland, or central Canada – the sky never darkens sufficiently in summer to see something as diaphanous as the aurora. 

This winter-time nature adds to the aurora’s mystique. It is at one with the cold, snow and ice. It becomes part of the landscape and so, for me, this landscape is very much part of the aurora. So, too, are the people who live there; part of a human legacy stretching back for millennia. The sky connects us to our ancestors.

I am a physicist and my fascination with the northern lights grew gradually to a point where I didn’t just want to see it, I wanted to know it. I knew the basic science behind the aurora – that it is an event caused by charged particles that are channelled down magnetic field lines and interact with our atmosphere. But there had to be so much more to it than that. What caused the differences in colour? Why was the aurora predominantly green but then at other times showed flashes of mauves and violets? What caused the various shapes and patterns in the aurora? Why did we sometimes see pillars of light stretching skyward, sometimes twists and ribbons? Why is it sometimes calm and sometimes wild? What causes the sudden eruption in movement and colour? Why does it sometimes move further south? It seemed I still had so many questions.

More than that, I had read accounts of old, heroic polar explorers’ experiences of the aurora and noticed the overwhelming feelings of awe and spirituality. I saw how these feelings mirrored much of the ancient folklore of the northern lights. It is only in the last century that science has come up with a plausible explanation for the aurora and I was curious about the effect of such knowledge. Do modern polar explorers feel the same as those first few men, I wondered, or does science overcome the purity of the experience?

I had seen the pictures, watched the videos, heard the stories. I felt the draw of the Arctic – the light and space, the open wilderness, the long winter darkness and the awe-inspiring aurora borealis. I wanted to stand captivated under a wide sky, watching the heavens move in a graceful, barely choreographed dance. I wanted to feel it. 

I imagined looking up and seeing the starburst of an auroral corona above me. I imagined colour and light and form. I imagined the whole length, breadth and depth of the sky dominated by arcing light. I imagined a silken landscape of soft snow, where the snowflakes lap over your skis and pile high on the fir tree branches, weighing them down. I imagined dragging sleeping bags out from the tent so we could lie outside on the snow, warm and marvelling at the dancing sky above us, just as one would the stars in the desert. 

I never imagined the cold, or the pain. 

* * *

THERE WAS A thin covering of snow on the ground as my plane waited at Stockholm airport. Grass poked through it in tufts and there were small, scraped piles of greying slush at the edge of the runway. From the aeroplane window Stockholm appeared in monochrome: the terminal building white with its black details and greying edges; the sky white; the snow on the dark tarmac the same hue. Men in their fluorescent yellow jackets stood out brightly, as if an old film were slowly merging into Technicolor. As we took to the skies I studied the trees and the small snowy fields below, divided up by narrow roads. An irregular patchwork of whites, greys and pale browns, their textures beneath the snow stood out as much as their colour. Almost immediately we were into the clouds and once again everything was white.

I was flying to Kiruna, in Arctic Sweden, to see the northern lights – the aurora borealis – for the first time. For years I had dreamed of seeing it, and finally there I was, en route to the Arctic, a place that held for me as much fascination as the aurora itself. I am a plasma physicist with a visceral attraction to mountains, ice and snow, whilst my academic research had focused on nuclear fusion as a future energy source. In my research days I was motivated by the youthful optimism that fusion would change the energy domain, and provide energy security and a way to temper the threat of climate change that could devastate the precious landscapes that I loved and the communities within them. I was – and still am – attracted by the practicality of this research, but in the aurora my passions converged. The plasma physics danced above the boundless snowy land that held me in thrall. 

My fascination with the aurora wasn’t new; it had, in fact, dawned on me rather slowly. When I was an undergraduate student I spent one summer holiday working at the Rutherford Appleton Laboratory in Oxfordshire. There I worked on a project that looked at the connection between the Sun and the Earth, and it was there that I learned about the aurora – a captivating light show in the upper atmosphere of the polar regions and a product of the intricate interplay between these two celestial bodies. The name ‘aurora’ comes from the Latin for ‘dawn’, and ‘borealis’ from ‘boreas’, meaning the north wind. The term is believed to have been first used as a metaphor by the Italian scientist Galileo Galilei when he referred to the appearance of a bright aurora in the northern parts of the sky as a ‘northern dawn’. Similarly, an aurora seen in the southern hemisphere is referred to as ‘aurora australis’ from the Latin ‘auster’, for south wind. 

Whilst at the Rutherford Appleton Laboratory I was also lucky enough to watch the live launch of a spacecraft – not live in Kazakhstan, obviously, but in real-time from the lab’s main lecture theatre. The rocket took two satellites from the Cluster II mission up into orbit that day; two others had been launched a month previously. As I sat and watched the launch it felt extraordinary; I realised that at that very minute that rocket was leaving the Earth and going into space. The realisation of the otherworldliness of it all thrilled me. Scientists were on tenterhooks because this was the mission’s second attempt – the first Cluster spacecraft had been lost in launch in 1996, four years previously. This time the launches were a success and the four identical satellites began their long dance around Earth. They are still flying in formation now, collecting three-dimensional data on near-Earth space and the conditions that cause the aurora. The experiences of that summer stayed with me, imprinting on my mind a latent fascination with our connection with the Sun. 

More than ten years later, in northern Sweden on an Arctic Science course, I was about to get my first glimpse of the aurora. This was just the start of my journey, and when I got on that plane to Kiruna I didn’t realise quite how far I would go. It was a journey that would take me back to the north several times, each visit piecing together a story of the aurora borealis that at its core was the science behind the phenomenon, but which was woven with landscape, people and history. This is that story.

That early trip to Kiruna was also to be my first experience of the Arctic. I was excited, of course, but I didn’t really know what to expect. I was not going out into the wilderness, so it would be a gentle introduction, though our course leaders warned us that temperatures could drop to -25ºC and that we should dress appropriately. I didn’t know exactly what they meant by that, never having had to dress ‘appropriately’ for such temperatures before. I had packed mostly ski wear and extra jacket layers, and I was intrigued to know what the Scandinavians wear indoors, when they take off all these layers of outerwear. Did they all walk around in their thermals? 

It was a short flight and we were cruising at just 3000 metres (10,000 feet) above sea level. Now, high above the clouds, the sky was a beautiful clear blue. Beneath us the clouds created a thick, woolly covering, stretching on for what seemed like forever. I wondered how much higher I would have to be before I would see the curvature of the Earth, before I would reach the edge of space itself. 

However, the divide between Earth and space is blurry rather than sharp. People talk about flying to the edge of space in a fighter jet, or sending a camera up on a weather balloon, but that is in fact only to around 20 kilometres (12 miles) above the Earth’s surface. For aerospace purposes, the edge of space is defined as 100 kilometres (60 miles) above sea level – known as the Kármán line, after the Hungarian-American physicist Theodore von Kármán. That is where the atmosphere becomes so thin that aerodynamic forces can no longer provide lift. But that is not even the edge of our atmosphere. 

Go quite a lot higher, up to the International Space Station, and even there the Earth looks large and close; only a small part of her surface is visible but the curvature is very apparent. The International Space Station, or ISS, an artificial satellite which has been continually inhabited by astronauts since November 2000, orbits at an altitude of 400 kilometres (250 miles). Even that is still within the Earth’s atmosphere, albeit a rapidly thinning one. Our planet’s atmosphere gradually peters out into space from about 500 kilometres (310 miles) above the Earth’s surface. Astronauts on the ISS have taken photographs and video of the aurora from above – a view from what we call ‘near-Earth space’. 

As we flew on to Kiruna I reflected on Earth and space – the connections, interactions and varying boundaries between the two systems. Both come into the story of the northern lights, and our humble atmosphere plays an important part. The atmosphere is the screen upon which the drama plays out. 

The atmosphere has five main layers, defined according to air temperature, and almost every atmospheric phenomenon with which we are familiar is restricted to the lowest of these, the troposphere. Three-quarters of the mass of the atmosphere is contained in this thin layer, which extends up to an average of 12 kilometres (7.5 miles). The air becomes increasingly rarefied the higher we climb. Because the atmospheric layers are demarcated by temperature, the height of the troposphere is slightly variable across the globe. It is thickest towards the tropics, where warm temperatures cause expansion of the air, and thinner at the poles. 

The troposphere is named after change, or turning. The air that is warmed at the surface of the Earth rises and mixes with the overlying air, creating convection currents that generate our weather. Fluffy, white, picture-perfect cumulus clouds are found at around an altitude of only 3 kilometres (1.8 miles) or lower. Towering, thunderous cumulonimbus can stretch from below this height up to almost 15 kilometres (9.3 miles) in giant, peaky columns. Wispy cirrus are blown around at high speed at altitudes between 6 and 12 kilometres (3.5 and 7 miles), about the same altitude at which a commercial jet airliner cruises. The average temperature of the air in the troposphere decreases steadily with altitude to around -60ºC. At around 12 kilometres (7.5 miles) up the temperature stabilises and turns, and we enter the stratosphere. 

Here, the temperature begins to increase again due to the presence of ultraviolet-absorbing ozone. This ozone layer in the stratosphere restricts the mixing of air, which is why most of the weather we know is confined to the troposphere. The ultraviolet radiation that the ozone layer absorbs increases the temperature back up to around freezing again – a warm zero degrees! 

As I squinted out of the window into the bright blue sky and looked down on the clouds, I mused over our sense of scale. Above the clouds it felt as though we were flying so high and yet we were actually so low, in relative terms. I had climbed mountains higher than this before – up to 6000 metres (20,000 feet) – and I planned to go higher. Commercial tandem skydivers would jump from this aeroplane’s altitude, and the world record for a parachute jump was thirteen times higher. In October 2012 the Austrian skydiver Felix Baumgartner had jumped from the stratosphere (from 39 kilometres (24 miles) above sea level), having been taken up in a capsule suspended below a large helium balloon. He wore a pressure suit that allowed him to survive in the rarefied air and his descent lasted around ten minutes, over four of those minutes spent in freefall. Yet in the stratosphere we still haven’t reached the height of the aurora. 

At about 50 kilometres (31 miles) the temperature starts to drop again. From here to 80 kilometres (50 miles) up is called the mesosphere. It is the layer of shooting stars, where meteors coming in towards Earth from space burn up due to the pressure and heat created from collisions with air particles. Yet the air is already remarkably thin, and the top of the mesosphere is the coldest part of the Earth’s atmosphere. 

Beyond about 80 kilometres (50 miles) altitude is the thermosphere, a layer that is several times thicker than all the others put together. It transitions into the exosphere somewhere around 500 kilometres (300 miles) altitude, but this level can vary wildly depending on the activity of the Sun. If the thermosphere gets hotter it can puff up to as much as 1000 kilometres (600 miles) from Earth. Beyond the thermosphere, the exosphere is where the Earth’s atmosphere finally blends out into space over thousands of kilometres. It is a murky transition. The thermosphere, seen as the fourth layer of our atmosphere from one perspective, may also be seen as space from another perspective – it is in this layer of the atmosphere that the International Space Station orbits. 

Up here, the number of air particles is rapidly dwindling. Even at the mesosphere–thermosphere transition at 80 kilometres (50 miles) the density is a hundred-thousandth of the density at sea level. A gas particle here can travel about one metre on average before hitting another particle. At sea level, that same gas particle would travel less than the width of a human hair before colliding with another. Up at 200 kilometres (120 miles) altitude, in the thermosphere, the air is so thin that a particle could travel 4 to 5 kilometres (2.5 to 3 miles) without hitting another one. These extreme conditions, the likes of which have never been achieved on Earth, allow ordinary atoms and molecules to behave in unusual ways. This rarefied zone is the three-dimensional canvas for the aurora.

In the thin air of the thermosphere, particles are ionised by solar radiation. Incoming photons of light from the Sun dislodge electrons from their atoms so they move around freely, creating a charged gas of negatively charged electrons and positively charged ions, the remnant atoms. During daytime, some ionisation occurs towards the top of the mesosphere too, and it also occurs beyond the thermosphere, in the exosphere. This multi-layered shell of ionised gas, reaching from about 85 kilometres to 600 kilometres (53 to 370 miles) above the Earth’s surface, is known as the ionosphere, and it is here that the aurora is created, predominantly between 100 and 250 kilometres (60 and 155 miles). Pictures of aurorae taken from the International Space Station show the clear curtains of light stretched out in a bright green that fades up into red, and then fades out altogether. 
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The Earth’s atmosphere has various layers, defined according to temperature. Most of the weather we experience is confined to the troposphere, the first 20 km (12 miles), but the aurora occurs much higher up – predominantly around 100 km (60 miles) high but stretching up hundreds of kilometres more.


Seen from this vantage point in near-Earth space, these curtains of colour clothe our planet. From some reports of the aurora, the lights may even seem close enough to touch, yet in reality they are far, far away from us. The aurora may bridge the boundary between Earth and space, straddling the human-imposed divide of the Kármán line.

I was still daydreaming about whether the aurora was an Earthly or space phenomenon when we started to drop closer to the woolly mass of clouds beneath us. The captain came onto the loudspeaker to declare landing in twenty minutes. It was time to stow away the tray tables and turn off all electronic devices. My first glimpse of the Arctic awaited me just on the other side of those clouds.

* * *

KIRUNA IS A relatively new town in European terms, and it is also the least-populated area in Europe. It sprang up in around 1900, when mining began in these parts. The resource here is iron ore, and the town is noted mainly for the mine, its rocket range and space studies, and – more recently – the Icehotel, a building made entirely of ice. The Icehotel melts every spring so every year a new one is built, the hotel reborn in the season of renewal. It is a beautiful mix of science and art, built by engineers and sculpted by artists from all over the world.

Carol Norberg, the course coordinator, was at the airport to meet my flight. As I walked down the steps of the plane, breathing in the chilly, fresh air, my first thought was that it wasn’t quite as cold as I had feared. It was actually -6ºC, not too cold, just yet. The clouds were keeping us warm. I stepped down into snow, hard-packed, white and creaky. We walked the short distance from the plane to the terminal building – a bold red box with grey-rimmed glass doors that stood out against the white roofs. The terminal building was a single room, about the size of a small school hall, with a snaking black conveyor belt at one side and people milling all around. Almost immediately I saw Carol holding a sign.

Carol herself had lived in Kiruna for several years until recently, when she had moved to Stockholm. As we drove into town on the perfectly white flattened-snow roads she told me about the area. It has an unusual and uncertain future; there are plans to move the town of Kiruna to a new site a few kilometres away, constructing a new town centre out of the way of the encroaching mine. This is because Kiruna is threatened by the very magnetite mine to which the town owes its existence. It is a huge, complex network, and as a result there are as many roads underground in Kiruna as there are ordinary roads in Stockholm. The deposits of iron ore are found in a large slab that cuts down diagonally beneath the town. Mining this ore would cause the ground above, and the town itself, to collapse, so Kiruna must go. 

The railway tracks were the first to move, and a construction and relocation process that could take decades is now under way. I asked Carol whether the town’s residents were resistant to the upheaval that moving would cause. She explained that many people who live in Kiruna work in the mine. The work pays well and if the town doesn’t move then people will lose their jobs. ‘Most people are happy to move,’ Carol told me. ‘They will build a new Kiruna.’ 

She explained that some of the oldest buildings, like the church, would be moved to the new town so they wouldn’t lose their history. We passed a large brown rectangular building, quite unremarkable except for its industrial-style clock tower made from seemingly random bits of metal, the gold clock hands standing out against the dark rust of the tower. ‘This is the town hall,’ said Carol, ‘and it will be one of the first buildings to be evacuated as it is so close to the mine.’

The town will not be moved all at once. The road and rail infrastructure must be set up first, then the municipal facilities. After that, there is a planned itinerary for the movement of the rest of the town, with important historical buildings like Kiruna Church being moved first, followed by groups of residents year by year. Moving a city, albeit a small one like Kiruna, is no small feat. I wonder how it will affect the residents who must move, as they watch their town fragment – its heart literally ripped out – whilst they are forced to stay, perhaps for years, in the shell of the town. Kiruna already faces a shrinking population; the young people move away for better education or more dynamic urban environments. It remains to be seen whether the movement of Kiruna will reinvigorate the town or choke it. 

I pondered this as we continued past the brightly coloured wooden buildings heaped under so much snow that they were only half visible. Even their steeply pitched roofs held the snow. They were, Carol said, typically Swedish, called ‘ink-pot houses’ because of their shape. Kiruna’s more modern buildings are boxy and industrial. Some even have balconies that are designed to look like lifts from the mine. In fact, almost everything in Kiruna is inspired either by the mine, or by space. It is a town of science and industry. The eyes and thoughts of the residents are focused either down below ground or up into the skies.

The following day, some newly met housemates and I made our way through the dim, unfamiliar streets to the bus stop. The sun was rising, flame-like, on the horizon as the bus pulled up, and about fifty students in bright coats and backpacks made a scrum around the door. The bus delivered us to the Swedish Institute of Space Physics, located slightly out of town and surrounded by fir trees heavy with snow. 

The Swedish Institute of Space Physics was originally set up as the Kiruna Geophysical Observatory in 1957, with its main activity to be auroral observations. Kiruna was chosen because of its location beneath the auroral oval – the region where the northern lights are seen – and because it already had good infrastructure on account of the working mine. Work began on auroral observation, mostly using sounding rockets launched from the nearby rocket range, but gradually expanded to exploring other processes around the Earth and into space. It turned out that Kiruna was also well placed for atmospheric studies because it sits beneath the polar vortex – a huge low-pressure region of rotating air that forms over the Arctic (and similarly in the Antarctic). The observatory became a state-owned research institute in 1987, changing its name to the Swedish Institute of Space Physics. 

There are various other space-based activities around Kiruna, some of which work in collaboration with the Institute. A radar antenna called EISCAT, the European Incoherent Scatter radar, is used to study disturbances in the upper atmosphere. The EISCAT Scientific Association is headquartered in Kiruna. There is a European Space Agency satellite station that supports ESA satellites in orbit and the rocket range used for the launch of high-altitude balloons and the sounding rockets, which reach heights greater than balloons but lower than satellites. In the 1960s in Kiruna, scientists used to fire these tall, narrow rockets into the aurora and collect particles to see which types of particles, and at which energies, were present during an auroral display. This activity for auroral research continued apace into the 1980s, when it became cheaper to use space-based satellites instead. Rockets still launch, but these days they are more often for experiments on microgravity or atmospheric studies and only occasionally to study the aurora. Now a model of one of the rockets stands in the building of the Swedish Institute of Space Physics. It stretches up within an open foyer from the ground floor to the third floor.

One of the newest and most exciting ventures is Spaceport Sweden, a company pioneering commercial human spaceflight and aiming to establish Kiruna as Europe’s gateway to space. Chosen for the combination of high-tech industry and sophisticated research facilities, Kiruna’s position in the auroral zone also gives tourists the opportunity to take aeroplane flights to see the northern lights from above the clouds. In the future they hope to offer spaceflights with partners like Virgin Galactic. Future space tourists taking a spaceflight from Spaceport Sweden would ascend into the ionosphere 100 kilometres (60 miles) above sea level. They would experience weightlessness and see the Earth curving away below, the thin blue line of its atmosphere alongside the blackness of the beyond. Perhaps the success of space tourism will be what the new Kiruna needs to launch it into the future.

That night we walked out after 10pm looking for the northern lights, the hair that was escaping my hat beginning to freeze. We didn’t see the lights that night. We took photographs in the snow instead, silhouetting the trees against the lights of the city. We found only an orange glow, when we had been hoping for green. In order to see more, we needed to get out of the town. 

* * *

WE MET AT the bus stop at 8.30am the next day to travel to Abisko, a scientific research station and prime aurora-viewing destination. Abisko is an hour or so away from Kiruna, set in the mountains towards the Norwegian border. 

It seemed colder than the day before as I queued for the bus. As we drove out of town the Sun was rising and the snow around seemed to pinken, highlighting the low mountains in the distance. The trees and bushes were low and spindly, leafless and bent over under the weight of snow, stunted by the lack of light in the Arctic. I watched as the Sun rose higher and the sky became bluer and lighter. Gradually the pink tint on the snow faded and deepened to a purplish grey and the Sun sat some way above the horizon, like a bright bronze coin filling the morning with its orange haze. 

The Abisko Scientific Research Station is a cluster of low buildings in an open wilderness area on the edge of the Abisko National Park. It sits by a lake surrounded by low, sub-2000-metre (sub-6560-foot)mountains, the most distinctive feature of which is Lapporten, or the Sami Gate – a smooth, U-shaped valley carved out by ancient ice. The major studies pursued at the station are in meteorology and natural sciences, taking advantage of the abundant and varied flora and fauna in the area due to the ranging topology, geology and climate.

Recent climate change in the region is of particular interest, and during the day we learned about the effects of climatic changes on the Arctic environment. The Research Station was opened in 1912, and so has climate data going back to 1913 in an unbroken record. Every day the scientists collect data from the weather station in exactly the same way that it was collected in 1913. This way, scientists can compare current data with the old data without incorporating any measurement effects. Modern equipment is also used to take new measurements but the scientists continue to collect data the old way too. This provides a unique environmental record.

Their data shows the obvious rise in greenhouse gases and the change in global average surface temperature. But what does this mean for the Arctic? One of the largest effects, as we know, is the melting of sea ice. Huge changes in the ice levels have been seen since 1979 – the extent of the sea ice has almost halved. Naturally, this has implications for rises in the sea level: the ice mass of Greenland alone corresponds to 7 metres (23 feet) of sea-level rise. When the ice melts, the effects will be felt far and wide; low-lying coastal areas all over the world will be swallowed, including a large chunk of Florida, most of the Netherlands and Bangladesh. The water rise will also have an effect on cities such as London, Shanghai, Venice, San Francisco, New Orleans and many more. The ice melting then affects climate change further. White ice and snow has a very high albedo, meaning it reflects a lot of sunlight, between 50 and 80 per cent depending on whether it is melting sea ice or fresh snow. With less ice on the planet to reflect incoming sunlight, more will be absorbed instead. This is just one example of a feedback system that operates to increase the warming further. Tipping points are being approached, and in the Arctic they are already seeing the effects. If the temperatures keep rising as predicted, Abisko will no longer be arctic. 

In the early afternoon, as the daylight was beginning to fade, we began our short walk away from the Research Station buildings and towards the nearby mountain. Across an empty road, under a railway line, out we struck into the frozen wilds – over a river buried bank to bank in layers of snow upon snow, rocks visible beneath as pillows of white. 

There’s a peace about a snowy landscape. Even whilst studying, with full access to the trappings of the modern world, including the Internet, emails and my work, I still felt a peace that can be hard to find at home. Perhaps it is the whiteness, the blank canvas: the purity and the sense of tranquillity that this engenders. Just looking at a tree laden with snow, its branches heavy under the weight, I felt a sense of perfect calm. 

On we walked, up a wide, meandering snow path flanked with frozen, filigree trees, until we came upon the old chairlift strung out up the mountain. Two by two, the lift took us up to the Aurora Sky Station. We were given blankets to wrap around ourselves for the journey up, but it was still freezing. Even our eyelashes became white with gentle frost. Before long we rattled into the top level of the chairlift and hopped down onto solid ground again. 

The Aurora Sky Station was little more than a large room, though within it there was a warm café and a small aurora exhibition. It was so unremarkable from the outside that as each pair alighted from the chair they headed off further up the hill in search of something else, some other edifice from our imaginations more congruous with its dramatic title. The pointless jaunt up the hill did provide a good viewpoint to watch the sunset, however. The Abisko Scientific Research Station was now in cloud and the mountains enclosed what looked like a large, white lake. The horizon glowed dusky pink and faded through pale orange to blue. The tips of the mountains where the low sun still reached were the same pink hue as the morning.

When we were called back to the Sky Station we found a simple single-storey wooden building perched on the side of the slope and partially buried in snowdrifts. Relieved to get out of the cold, we rushed inside, where we were met with tea and cinnamon buns and a short talk on the northern lights. 

It surprised me at first that the explanation of the aurora that we hear most typically is in fact deeply flawed. Often we are taught that the aurora is formed when particles from the Sun are channelled by our magnetic field to the Earth’s poles where they interact with our atmosphere. However, this alone cannot explain the bright night displays. Solar particles – predominantly electrons – simply do not have enough energy to cause the vibrant colourful lights, so they must be accelerated somehow. Besides, if they are captured by the magnetic field and funnelled directly to Earth they would hit Earth on the side facing the Sun – in other words, during daylight. It is impossible to see the aurora in broad daylight – the auroral light is too weak and diffuse to compete favourably against light pollution from cities, let alone against strong sunlight. Incidentally, that is why we don’t see the northern lights in summer. The Arctic is the Land of the Midnight Sun, where the Sun never sets between April and October. The aurora still occurs, but the Sun is so much brighter that it obscures any auroral light. In short, seeing the aurora during daytime is only possible in a few select places during polar night, when it is even dark at midday. These day-side aurorae are very weak, because of the low energy of the incoming solar particles. They are interesting to study, but the direct mechanism of their creation is not the same as that producing the night-side aurora that is most often seen and which we know as ‘the aurora’. So then how, you might be wondering, do charged particles get around to the night side of the Earth and create the northern lights there? And how are they accelerated to the higher energies required for those more vivid, colourful displays? That is the magic and mystery of the true aurora, something I will be exploring in this book.

It may seem a minor point, but forgetting the fundamental mechanism of acceleration is not just a simplification of auroral origins, it’s a misrepresentation of the facts. It also implies that we have a full understanding of the mechanisms of the aurora, many of which are still under debate. Importantly, it focuses attention on the particles themselves rather than the bigger question of where the energy comes from to generate these awe-inspiring light displays.

It’s impossible to say where the electrons causing the aurora come from, apart from that they were bouncing around within the magnetosphere (the Earth’s region of influence in space) when something accelerated them to Earth. We can’t say that those same electrons we measured coming from the Sun are the ones that have reached Earth and caused the lights. Everything gets mixed up. It is much as Bill Bryson described atoms in A Short History of Nearly Everything: ‘Every atom you possess has almost certainly passed through several stars and been part of millions of organisms on its way to becoming you. We are each so atomically numerous and so vigorously recycled at death that a significant number of our atoms – up to a billion for each of us, it has been suggested – probably once belonged to Shakespeare.’ Could we ever tell which actual atom it was in our body that belonged to Shakespeare? Of course not. Does it matter which? Perhaps not.

Eric Donovan, Professor at the University of Calgary, is astonished that when people talk about the aurora they need to know where the electrons come from. When we flick a light switch, causing a stream of electrons to flow through a circuit and transform their energy into light in a bulb, we don’t ask where the electrons came from because it is irrelevant to the mechanism of the transfer of energy. ‘The solar wind matters for the aurora because it’s where the energy comes from,’ says Eric. ‘It’s how the energy of the solar wind becomes the aurora – that’s the interesting bit.’

What we do know is that electrons and protons come from the Sun and electrons are accelerated into the atmosphere where they cause the polar lights. There is still a lot of mystery in the space between these two ends of the process. If we need to generalise, we would be better saying that the energy of the solar wind accelerates particles within the Earth’s magnetosphere, which then pass into the Earth’s atmosphere, not that particles from the Sun are funnelled to Earth. 

In reality, scientists at universities and research institutions all over the world are studying the aurora and the connection between the Sun and the Earth in an attempt to understand the complex interactions that lead to this beautiful and fascinating phenomenon. There are indeed still some mysteries hidden behind the writhing, tenuous curtains of the polar lights. This is where my journey will take me.

We didn’t stay into the evening at the Auroral Sky Station, though one could. From their vantage point above the clouds the northern lights are seen almost every night. We had to get back to Kiruna, so instead we took the cold journey down in the very last of twilight and walked back to the research station in the dark, guided by small glowing lanterns at the sides of the soft snowy path. 

* * *

BACK IN KIRUNA we sought the aurora from ground level. After the first night’s light pollution problems we had realised that the best place to view the northern lights was from a ski slope on the edge of town. After nine o’clock, small groups of students could be seen – and heard – marching through the last of the residential streets and out along the dark road towards their best chance of catching a glimpse of the lights. 

Up the ski slope the snow was hard underfoot, scraped in pisted lines and frozen in, becoming less firm at the edges where the snow was uncompacted and deeper. No snow had fallen in days and footprints from previous nights were visible, along with scrapes and flattened patches along the centre of the piste where, after the night’s viewing, many of us slid down on our bottoms – our sledges large bin liners courtesy of our student accommodation. However, this faster – and more amusing – means of descent, the corduroy ice and the snow shower from heel-braking, made for an uncomfortable ride. As I walked up on the final night I snaked my way up the edge of the piste in a narrow band, not wishing to disturb it any more. 

From the top of the slope there were extraordinary views all around. The lights of the town and the mine commanded attention in one direction, while in the other the world was black. Looking north into the darkness, I saw an indistinct, flattened shape – perhaps a low mountain – but little else. I looked up at the stars: The Pole Star, of course, almost directly overhead; The Plough; Orion; Cassiopeia. The familiar constellations were very visible in the dark sky, and there were many more that I didn’t yet recognise. A couple I suspected were planets, perhaps Mars and Venus. 

As we watched, I started to put on all the extra layers I carried with me. At -25ºC one cools down very quickly. I was wearing thermals and three pairs of trousers whilst on my upper body there were three merino wool thermal layers with a down gilet and a padded ski jacket. I had a Patagonia nano puff too, a synthetic insulation jacket, which I was saving for when I felt even colder later. I was a thick bundle of clothing, with a little face poking out. The atmosphere up there on the hill was fun and convivial, almost like a bonfire party. The students were joking and singing, sometimes jumping around to keep warm. 

To the west, the mine looked almost ethereal, dripping white light and with three plumes of smoke billowing into the sky, illuminated from below. I turned my back on the industry and looked north, where a very quiet aurora was beginning to appear as a green, arcing haze. Over time it grew in colour and clarity, the arch becoming more defined, then breaking and twisting into an S-shape. Other parts of the sky were brightening, too, but in different ways. To the right now the light seemed a whiter green, and more diffuse, but had a semblance of linearity, like faint rays. These changes happened so gradually that they were, to begin with, barely perceptible, but if I turned away and looked back I knew a change had taken place. 

Over the days when we were in Kiruna the activity level of the aurora was low, and the auroral displays were not classed as extraordinary. We only ever saw green light, for example, no other colours. To achieve a brilliant red or the fabled violets or crimsons, the aurora generally requires more energy. But for me it was an extraordinary experience nonetheless. Despite its quietness, its difference from the photographs that are now taken of the aurora, actually seeing it for myself, in the bitter cold beneath the stars, felt wondrous. Walking beneath the pale green glow and discovering its features, its beautiful twists or drapes, brought not just excitement but gratitude. I said as I flew in that this was only the start of my journey; I knew as I left that the Arctic and the aurora would lure me back for more.


CHAPTER TWO

NORWAY – CULTURE, SPIRITUALITY AND OTHERWORLDLINESS

I BELIEVE YOU CAN get a measure of a place from the feeling it stirs in you in the air. From the air, you already begin to feel the land speak to you.

Imagine being in flight and coming in to land in some particular place. There is a point during the descent where you are low enough, close enough to the ground, to see the colours of its earth, roads, buildings, lakes. You know then whether you feel its character, see its beauty or if it opens its arms to welcome you. Or perhaps, conversely, you feel an aloofness, an appraising appreciation only. As you descend further, skimming the runway, or as you disembark, the horizon shrinks and the viewpoint is narrow. You may enjoy the place, the things you see, the people you meet, but your connection will be made real from the air. It’s the ultimate test. It’s the way your head becomes light and your breath deep, an involuntary smile creeping to your lips. That is the measure of your love for the land.

It is, of course, a personal and variable measure, often independent of general consensus regarding the ‘beauty’ of a land. The beauty of landscape is firmly in the eye of the beholder, a beauty wrought of familiarity, time, experience and an essence of one’s own character. It is the feeling of home, and it is that tiny element of character that imbues some foreign climes with that very same homeliness. For me, this feeling comes from the higgledy-piggledy fields of Britain from the air; the prominent landmarks of London as the aeroplane cruises west up the Thames towards Heathrow; or from snowy mountains seen from a new level – whole ranges standing unobscured, poised and elegant, their glaciers, ridges and summits open to my scrutiny; and the white, glassy, untouched emptiness of the North. 

Having seen the aurora in Sweden, I found myself just wanting to see more; to see it bigger and brighter and more colourful. I realised that seeing the lights in situ added something intangible to the experience. I began to think of other, earlier polar explorers and how they might have felt, seeing the aurora for the first time and perhaps having no idea what it was. Often, however many times it is observed, the awe seems not to fade. The Norwegian explorer Fridtjof Nansen seemed to be spellbound and philosophical about the aurora no matter how many times he witnessed it. ‘These wonderful night effects are ever new, and never fail to captivate the soul,’ he wrote in his diary in March 1894 during the first winter of his expedition on the Fram. But these early explorers were not the first people in this hostile, exquisite land deriving comfort from the dancing lights. Human habitation of the North dates back tens of thousands of years, and with Arctic occupation come stories of the aurora. The delicate patterns and striking colours grab people’s imagination like no other natural phenomenon. The lights have featured in art, poetry and literature throughout the centuries, and they often have an almost spiritual effect on those they touch. 

I decided to go north again, to continue my journey to northern Norway in order to investigate the Sami heritage and learn about the northern lights in folklore. Along the way, I hoped to learn more about polar exploration and the rise of auroral science – the beginnings of our movement from myth to the possibility of knowledge.

Of course, I was looking out the window of the aeroplane as we were nearing Alta – I always want the window seat. The landscape I saw was mostly flat and smooth, the snow as perfect and even as the skin of a china doll. Occasionally, though, blemishes would appear: small creases of winding, frozen rivulets to break the smoothness. In some places the creases and rivulets would get deeper and patches of brown forest shaded the landscape. Creases like wrinkles. Rivulets like scars. Forests like stubble. This landscape stretched on as far as I could see, so intoxicating that it was almost without scale – it could as easily have been a close-up of a patch of windswept snow as a bird’s-eye view. 

In Alta I met a friend, Cecilie. She lives in Oslo but her family are originally from the far north, from Alta and the fjords around. Cecilie toured me around the very northern county of Norway, Finnmark, so that I might meet her family and the locals and learn what is important to those so far north. The most immediately obvious themes were fishing and dogs. 

The first thing Cecilie did was take me to meet dog mushers (drivers) preparing for the Finnmarksløpet, the northernmost sled-dog race in the world. The course crosses Finnmark, stretching for 1000 kilometres (600 miles) up over the northern border of Finland and butting up to the most northwesterly region of Russia. It’s a challenging race, where conditions vary from coastal and windy with snowstorms to sheltered and frozen; temperatures can range from just above zero to below -40ºC. The organisers describe the terrain as ‘mostly barren land’, with some birch and pine woodland along the way. Despite the difficulties presented by the landscape, it’s a popular race that often attracts over one hundred mushers with over a thousand huskies. For the locals it is a big event. Like the northern lights, the dog race is part of the culture up here, a vestige of the old ways. 

Sleds and dogs have long been used by indigenous peoples as a means of transporting food from hunting sites to living sites. Faced with heavy loads to drag, early humans would have looked for a way to reduce the friction between their load and the ground. Reducing the surface area in contact with the ground does just this, so placing the load on two narrow runners aligned with the direction of travel would have significantly eased their burden. The Inuit sled, made entirely of the animals they hunted, had runners made by wrapping fresh fish (arctic char) in wet sealskin and letting it freeze. Later the runners were strengthened with layers of pulverised moss and water, then smoothed with an ice glaze so the friction was minimal. 

Indeed, the sled is the earliest form of vehicle and predates the wheel by several thousand years. Moreover, skis would have enabled prehistoric man to hunt more easily in snowy or icy terrain, perhaps even during the last Ice Age twenty-two thousand years ago. The remains of skis and sled runners have been found in peat bogs in Russia dated to almost twelve thousand years ago, and it is likely they were in use before that. Dogs also began to be domesticated around this time, likely deriving from the wolf or the wild dog. This was the beginning of a special relationship between man and dog that endures to this day. In the Arctic, dogs could be used to help with hunting, herding and pulling sleds (and indeed many continue to do so today). 

More recently, combining the use of dogs with the use of the ski brought further benefit, and this coupling was employed extensively in polar exploration around the turn of the twentieth century. Dogs could pull greater useful loads without the burden of dragging the men. The interplay of skis and dogs for polar exploration was pioneered by Nansen. Skiing was beginning to gain popularity, and the benefits of this form of travel were clear to Nansen. 

Late nineteenth-century Oslo, then Christiania, was the birthplace of modern Nordic skiing. It was then that skiing moved away from being purely for survival and necessity and began to edge into recreation. Early adopters, such as the Norwegian Laurentius Urdahl, ventured into the winter wilderness for fun. Urdahl was a keen sportsman and lover of the great outdoors. He loved exploring the mountains on his skis, carrying everything he needed on his back, rolled up in his reindeer-fur sleeping bag. He and his companion, Bredo Berg, made the first winter ascent of the highest mountain in southern Norway, Gausta, in 1890. At 2000 metres (6500 feet) it is only a modest altitude, but its relatively high latitude of almost 60 degrees north means the conditions and weather are challenging, and indeed they made three attempts to climb the peak. Prior to this, Urdahl had been exploring the Nordmarka – forested terrain near Christiania – and he set up public meetings on ski touring in the city with experts available on the panel for advice and discussion. This new fashion for skiing was buoyed along by ‘Nansen fever’ in Norway, following Nansen’s return from his arduous ski crossing of Greenland in 1889, which was regarded as an heroic achievement, and later his expedition seeking the North Pole on his ship, the Fram. 

I am fascinated by exploration, particularly polar exploration. I love the stories of people pushing themselves to their limits to increase mankind’s knowledge of the world, testing themselves in harsh environments and ultimate survival situations. Within all these severe situations there are moments of beauty – the colours of the ice, the patterns the snow makes in the wind, the call of seabirds or, in winter, the aurora. These delicate lights stirred even those tough men who often wrote rapturous accounts in their diaries. I wanted to learn more about their motivations and ambitions, both personal and scientific to different degrees, and I wanted to gain a better understanding of what they endured in pursuit of those ambitions.

In Oslo I visited the Fram Museum and saw the polar expedition ship that I had read so much about. It rests in a dry dock on the peninsula of Bygdøy, housed in a triangular-tent-shaped building where one can circle the ship whilst reading about polar expeditions past.

The Fram was specially designed so that it could rise above the ice and not be crushed as other ships in pursuit of the pole had been. It had a rounded hull so that, as the ice compressed it, the ship would be pushed up rather than crushed, in the way a hazelnut squeezed low between fingers will push up and out of grip. The voyage was unusual in attempting to reach the North Pole by drifting towards it on a ship frozen into the sea ice. Many perceived the idea to be madness. Nansen, however, had studied previous expeditions seeking the pole and had concluded that different routes and methods must be tried. There was a theory of circulating ocean currents in the north polar region, and in 1884 Nansen read that wreckage from an American expedition called the Jeannette, which became stuck in the ice north-west of the Bering Straight in 1879, had been found on the south-west coast of Greenland. The vessel had drifted in the ice for two years before it foundered north of Siberia, then continued its progress towards Greenland. Nansen wrote, ‘If a floe could drift right across the unknown region, that drift might also be enlisted in the service of exploration – and my plan was laid.’ 

It was several years before Nansen was able to put this plan into action. In the meantime he completed a doctorate in zoology and undertook the pioneering ski expedition across Greenland. It was 1890 before the expedition of the Fram was proposed, funding was secured and preparations began. The Fram, christened by Nansen’s wife Eva and meaning ‘forward’, sailed from Oslofjord on Midsummer’s Day 1893 and returned in August 1896. It was during the expedition on the Fram that skiers and dogs were first used together. Nansen would practise driving the dogs with a sled in the snow-covered ice next to Fram, along with companions skiing beside. They saw then that skiers and dogs pulling a load kept up with one another. 

In the darkness of winter exercise was difficult and boredom set in, but the men were warm and comfortable. The inside of the Fram, though small and
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ABOUT THE BOOK

Aurora explores the visual beauty, ancient myths and science of the northern lights and challenges the popular theory of how the lights are formed. Plasma physicist Melanie Windridge explains this extraordinary and evocative phenomenon, a scientific marvel unlike any other in which the powers of astronomy, geology, magnetism and atomic physics combine to create one of the wonders of the natural world.
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