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The Lord hath his way in the Whirlwind, and in the Storm,

and the Clouds are the dust of his feet.

(Nahum 1:3)

– quoted in The Storm, 1704





Dedicated to Harry Backhouse, my Year 8 English teacher,

who patiently sat with me on his lunchbreaks to edit my stories,

and to all teachers around the world.

You make the future.
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Introduction

Giant

This was a good spot. The air here smelled of redwood and rain, the gentle sound of the river lapping against his ears. Carefully, the young scientist set down his pack, full of the camping equipment you would expect on such a trip, but also including, more unusually, several large glass flasks. These were completely empty, not just of anything visible, but of any air whatsoever. Yes, he thought, this spot will do very nicely. Among the trees, away from other people. After setting up his tent and tidying his supplies, the scientist took one of these flasks and opened its valve. With a satisfying hiss, warm Californian air rushed into the evacuated glass flask, a tiny sample of the atmosphere here at Big Sur. The scientist resealed the flask, set it to one side and made a note of the date and time the sample was taken. He took a moment, listening to the sounds of the forest, letting the dappled sunlight play across his face. The next sample wasn’t due to be taken for several hours. He had some time to enjoy the beauty here.

This was all a bit of fun for the scientist. Still fresh out of his PhD studies, the idea of taking his experiments on the road was frankly a good excuse to get out into the wilderness, seeing parts of the country he’d never seen before. He’d felt pressures from colleagues, superiors, and even the US government to pursue more lucrative studies, more useful to the national interest. Yet he felt drawn to these experiments.

They would lead to the discovery of a remarkable, shocking twist in the long history of our atmosphere. Never in thousands of years of study had one individual so fundamentally reshaped our relationship with the air around us.

And it all had to do with the tiny samples of the Earth’s atmosphere held in those glass flasks.

 

The atmosphere is clearly of great importance to us all. It’s the air we breathe. It enables life on Earth. Without this thin layer of gas, just a few tens of kilometres thick, our planet would be a frozen, lifeless rock. Yet few people can describe how it works. Or its composition, or its history in any detail. For such a vital part of our existence, the atmosphere receives remarkably little interest.

We are, of course, interested in the atmosphere sometimes. Particularly if you’re British, the weather is a topic of endless fascination and frustration. Local variations in atmospheric temperature, pressure, and moisture are direct influences on our lives, the footprints of a giant, atmospheric entity. Yet most people’s interest extends only to the footprints, not to the giant itself.

In fact, most people’s broader knowledge of the atmosphere extends to just one topic. Climate change – and its associated uncertainties – has come to dominate the popular discourse around our planet’s atmosphere: changes in the concentrations of carbon dioxide and other trace gases causing increases in temperature, rising sea levels, retreating glaciers, and more extreme storms. Or perhaps not. Perhaps the world is actually cooling due to changes in the Sun. Scientists seem unsure. The apparent uncertainty around climate change gives the impression that perhaps science still does not understand how our atmosphere works.

A viewer from outside the field could be forgiven for making this assumption: that science has yet to figure out how our planet’s gaseous blanket works. After all, if we cannot seem to predict the weather with any accuracy, and we cannot work out if the climate is indeed changing, what do scientists actually understand? Yet the science of climate change and weather prediction are just parts of a modern, sprawling research field. Atmospheric science encompasses research in how layers of the atmosphere (yes, there are layers stacked on top of one another) talk to one another. Research in how the wind 50 km above the North Pole can be used to improve winter weather predictions, and save lives. Scientists for over 200 years have been probing, investigating, revealing the workings of our planet’s atmosphere, and although there are still many unanswered questions, some of which we’ll get to in this book, the giant has largely been understood. Science not only has an anatomical map of the giant – from its footprints, to the blood in its veins, to the hairs on the top of its head – but a textbook on its physiology. We understand what it is made of, where it came from, where it begins, and where it ends. We understand why it moves, where it chooses to flow. Perhaps most interestingly of all, we understand how it behaves as a vast entity, with events half a world away changing the state of the atmosphere and its footprints upon the surface.

Before I embarked upon my research career, I was entirely ignorant of this. My original scientific interests were a world away – I began my physics degree wanting to work in fusion power. But near the midpoint of that degree course I took a module on geophysical fluid dynamics – the physics of how the atmosphere and oceans move on the face of a rotating sphere, the Earth. The module opened my eyes to a whole new world of science, showing me it was possible to describe the behaviour of the entire planet using physical equations. Suddenly I wasn’t considering infinitesimal point particles on a frictionless infinite plane, but real things – water and air! The physics of flowing fluids could be linked to the physics of temperature and heat, and those physics linked to those of the Sun and the Earth’s orbit around it.

It was a glorious union of my different interests within physics with my passion for the natural world. I grew up reading Gerald Durrell and watching David Attenborough, getting lost in the woods of my local countryside, and playing around in the mud. All of this had been missing in my studies. To be able to combine these two worlds – of abstract physics and tangible nature – was a dream come true.

Along my path to eventually researching the interactions of the middle atmosphere and the surface, which will make a guest appearance in this book, I learned fascinating things. I learned how the temperature of the Pacific Ocean changes the length of winters in Europe. I learned how the lower atmosphere has a physical lid, preventing air from escaping any higher. I learned how above the polar night a storm the size of a continent spins at over a hundred miles per hour. This book is a journal of those discoveries. A condensed guidebook to our atmospheric giant. Starting from the earliest pioneers of atmospheric science, we’ll meet a cast of characters from around the world – not only remarkable scientists, but also physics and phenomena that will open your eyes to how incredible the air we breathe is.

We’ll begin by sketching out the anatomy of the atmosphere, introducing you to its layers, each with their own personalities and quirks. We’ll look at the giant’s blood – how and why air and moisture flow from one part of the globe to another, and the fascinating history of this understanding. Certain organs in the giant are particularly interesting, and we’ll look at these in some detail – the great ribbon of air that forms the mid-latitude jet stream, the bulk of the colossal stratospheric polar vortex. Perhaps most mind-boggling of all is the way that the atmosphere exhibits teleconnections, the phenomenon of particular see-saw patterns influencing the giant’s footprints on our lives even from the other side of the world, and we’ll meet these in turn too.

As I’ve already said, most people are only aware of the atmosphere as an entity within the context of climate change. And when it is viewed in this way, our understanding of the atmosphere, as scientists, can seem incredibly flimsy. The main reason I wanted to write this book was to demonstrate that the science of climate change is only part of what we know about our atmosphere, and that it grew out of, and now nestles within, a mature field based on centuries of thought and experiment. It is a tree in a green forest of knowledge. The study of how carbon dioxide warms the planet’s surface reaches back well over a century, and the dynamics of how it is mixed in the atmosphere have been understood for decades, coming from a millennium of observations. While there is much about climate change that is still being actively researched, its fundamentals are deeply rooted in the wood of atmospheric science.

The point of this book is to document these roots, to show how the vines of climate change mesh into the broader forest. With this perspective, it is my hope that you will come away with not only a greater appreciation of how wonderfully complex our atmosphere is, but also an understanding of how we reached our current level of knowledge. Perhaps most importantly, you will also come away fully aware of the significance of our young scientist in California, and the all-important samples of air he was taking.
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