
[image: Cover image: The Fate of the World by Bill McGuire]










[image: Title page image: The Fate of the World: A History and Future of the Climate Crisis by Bill McGuire, HarperNorth logo]





Copyright

HarperNorth

Windmill Green

24 Mount Street

Manchester M2 3NX

A division of

HarperCollinsPublishers

1 London Bridge Street

London SE1 9GF

www.harpercollins.co.uk

First published by HarperNorth in 2026

1 EDITION



Copyright © Bill McGuire 2026

Cover design by Steve Leard

Cover photograph © iStock

Bill McGuire asserts the moral right to be identified as the author of this work

A catalogue record for this book is available from the British Library

All rights reserved under International and Pan-American Copyright Conventions.

By payment of the required fees, you have been granted the nonexclusive, non-transferable right to access and read the text of this e-book on screen. No part of this text may be reproduced, transmitted, downloaded, decompiled, reverse engineered, or stored in or introduced into any information storage retrieval system, in any form or by any means, whether electronic or mechanical, now known or hereinafter invented, without the express written permission of HarperCollins e-books.

Without limiting the exclusive rights of any author, contributor or the publisher of this publication, any unauthorised use of this publication to train generative artificial intelligence (AI) technologies is expressly prohibited. HarperCollins also exercise their rights under Article 4(3) of the Digital Single Market Directive 2019/790 and expressly reserve this publication from the text and data mining exception.

Find out about HarperCollins and the environment at www.harpercollins.co.uk/green

Source ISBN: 9780008806545

Ebook Edition © May 2026 ISBN: 9780008806552

Version 2026-04-04






Note to Readers

This ebook contains the following accessibility features which, if supported by your device, can be accessed via your ereader/accessibility settings:


	Change of font size and line height

	Change of background and font colours

	Change of font

	Change justification

	Text to speech

	Page numbers taken from the following print edition: ISBN 9780008806545








Dedication

To all who come after us






Epigraph

‘We are on a highway to climate hell, with our foot still on the accelerator.’

António Guterres, UN Secretary General, November 2022
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Preface

First, a disclaimer. Writing about one of the most dynamic and closely studied disciplines of contemporary scientific research is never easy, because the landscape is constantly changing. New findings and interpretations come to light almost daily, which while rarely game-changing, do require attention. This book is not just rooted in the science but in many peer-reviewed scientific papers published in respected journals. The material presented therein inevitably diverges to some degree or other. Nonetheless, there is unquestionably sufficient consensus for me to provide here a sober, measured, treatment of how our world’s climate has evolved across its 4.6 billion-year history and where it might be headed next. If you come across anything you feel approaches hyperbole, then it is likely a consequence of my joy and astonishment at unravelling some or other marvel of our deep-time world, which never fails to enchant, so the blame is entirely mine.

The picture I have painted here of our deep-time climate is as accurate and robust as I can make it. Inescapably, this obscures small differences in the detail. For example, while all researchers agree that the rapid heating event 56 million years ago – known as the Palaeocene–Eocene Thermal Maximum (PETM) – was astounding and unprecedented in the geological record, there are various interpretations about the concentrations of carbon dioxide (CO2) in the atmosphere, or precisely how quickly the heat intensified. Elsewhere in the geological record, there are different measures of how much sea levels increased, and the rate at which they did so, or uncertainties about the sources of the greenhouse gases responsible for planetary heating. Very occasionally, explanations for some event or episode differ widely due to minority support for an alternative scenario – for example the idea that a comet impact caused the post-ice age cold snap known as the Younger Dryas – and where this is the case, both the consensus and minority models are addressed. Such dissonances are an expected, natural outcome of ‘doing’ science, especially where the focus of study is buried millions, sometimes even billions of years in the past, and the evidence is scant and astonishingly hard to decipher.

Similarly, looking ahead, there are diverging points of view over key issues such as how soon the system of Atlantic currents that make up the AMOC (Atlantic Meridional Overturning Circulation) might collapse, or how much the planet will heat up as a result of a doubling of carbon dioxide concentrations in the atmosphere. In such cases, I have presented the range of views and, where I support one rather than another, tried to explain why this is. Should you wish to follow up particular lines of interest, or delve deeper into key issues or debates, a further reading section is provided for each chapter.

Even while this book was going to press, the publication of new scientific papers was continuing to increase our knowledge and understanding of what the climate was doing in the past and shedding further light on our current plight. But none challenged the broad perspective. The bottom line is that the science of global heating, and the convulsive climate breakdown it is driving, is assuredly well enough understood today. And as I hope you will appreciate by the end of the book, there can be no doubt that our beloved planet, as we have come to know it, is in deep, deep trouble.

Bill McGuire

Spring 2026






Introduction

One morning in the late eighteenth century, a few miles down the road from where I live in England’s Peak District, the touchpaper was lit for a global revolution. When former wigmaker and entrepreneur Richard Arkwright – alongside partners Samuel Need and Jedediah Strutt – opened a water-powered cotton mill in 1771 at Cromford on the banks of the River Derwent, it was as if a bomb had gone off, the shockwaves of which travelled rapidly across the planet. The eighteenth century was already looking to be the harbinger of a new age, and some world-changing inventions had earlier appeared on the scene, including the steam engine and the Spinning Jenny, which made it faster to spin yarn for cloth. But it was Arkwright who was the arch disrupter.

Cromford Mill housed a workforce of around 200 people – unheard of at the time – who worked Arkwright’s invention, the Spinning Frame, to make stronger yarn more quickly than the earlier Spinning Jenny. Mainly women and children, some as young as seven, commuted on foot to the mill every day from the world’s first industrial housing development.

With a shift system that allowed the mill to operate around the clock, workers – often exhausted or bleary-eyed – trudged back and forth between home and workplace twice a day. Arkwright treated his workers poorly, permitting them only a week’s holiday once a year – as long as they didn’t leave the area.

The Cromford Mill ‘manufactory’ was nothing less than the first of the world’s true factories and the basic template for every manufacturing facility that followed. The winning combination of mechanisation and mass production transformed the making not just of yarn but also glass, chemicals, metals and machine tools such as lathes, which further boosted the spread of manufactories across the country. Within half a century, they had spread into Europe, North America and, in time, to almost every corner of the planet. The Industrial Revolution was in full swing, and it would ultimately tear our world and its climate apart.

While it would have been impossible to detect by anyone living at the time, it wasn’t long before Arkwright’s legacy began to exert a significant impact upon the planet. We now know that, a mere 60 years after Cromford Mill opened, the increasing volumes of greenhouse gases pumped into the atmosphere as industrialisation blossomed, were already starting to heat up the Arctic and tropical parts of the ocean. Global heating had arrived.

Revolutions are sometimes good and sometimes bad, but most often a bit of both. And the Industrial Revolution that transformed our world was no different. It resulted in improved living conditions for many, which led to a big hike in life expectancy. This, in turn, drove a population explosion that saw the number of people in England double from just over 8 million to nearly 17 million in the first half of the nineteenth century. Increasing numbers of people moved from the country to the cities, where burgeoning factories needed ever-bigger workforces. The same trends were underway elsewhere too, with Europe’s population increasing fourfold over the same period, and the United States more than doubling its number of citizens, from 17 to 38 million, between 1840 and 1870. And as populations ballooned, so did the world’s industrial output.

The Industrial Revolution brought enormous benefits, but it has also caused colossal harm. It has hugely enriched the lives of billions, but it has also seduced us into a lifestyle that trades work for material goods, translating to a seemingly unending consumer blow-out on a tiny planet of limited resources, which can no longer cope. In the 250 years since Cromford Mill launched unfettered industrialisation upon an unsuspecting world, at no point have we collectively paused to ask ourselves whether this was a pathway we really ought to be taking, particularly with regard to its risks and benefits for both humanity and the planet.

If we do stop and think about it, however, we will quickly come to understand that we are trading the health of our world’s ecosystems for the right to upgrade our smartphone every year; the futures of our children and their children so we can wear clothes just once then throw them away; and a functioning climate so we can nip on a plane whenever we wish. It is an insane situation, and it can’t go on. Our eyes need to be opened so we see that the gift of having everything we want is toxic – so pernicious, in fact, that the shattering of the climate that is the consequence may well mean we end up with nothing.

If we look around us, we can’t miss the explosion of extreme weather that global heating has inflicted upon our world. Since Arkwright’s day, mushrooming human activities have emitted around 2.5 trillion tonnes of CO2 into the atmosphere, and more than 40 billion tonnes is added every year, mostly from burning fossil fuels. As a result, the heat-retaining blanket of greenhouse gases that enfolds our world keeps on thickening, and the temperature carries on climbing.

According to independent climate-monitoring organisation Berkeley Earth, 2024 saw the planet 1.62°C hotter than the pre-industrial period, with 3.3 billion people experiencing the highest-ever recorded annual average temperature where they live.1 Proof that this isn’t some fluke comes from the fact that the 11 years since 2014 are also the top-11 hottest years on record globally. As soon as the late 2020s, perhaps the early 2030s, we will crash permanently through the 1.5°C dangerous climate change guardrail. But what will the decades ahead bring? Climate models are now extremely sophisticated and can make a reasonable fist of predicting how hot our world is set to get, and how quickly, for various emissions scenarios. Nonetheless, the parts played by feedback effects and tipping points remain hard to constrain, so we need to look elsewhere to try to better pin down their roles in our future climate. And this is where our planet’s 4.6 billion-year history comes in.

By delving into what we geologists call ‘deep time’, we can see both cause and effect: how the climate has changed before and what the outcomes were. We don’t need to make guesses, educated or otherwise, because all the evidence is laid out for us in the rocks and sediments, in the ice sheets, and in the remains of ancient life, making up the repository of information I use to build and develop the core message of this book. This is how our planet remembers the past, and how it can shed light on what is happening to our climate in the early decades of the twenty-first century and beyond. The geological record is never wrong.

Evaluating how our climate has changed in the past not only furnishes us with an unrivalled guide to where we are headed but also – through a deep-time perspective (as considered on a geological or cosmological scale) – provides the context that allows us to appraise current global heating against the bigger picture. By zeroing in on times of dramatic climate change in the geological record that mirror where we are today – in terms, say, of temperatures or greenhouse gas levels in the atmosphere – and examining what happened next, we can pick out critical information relevant to today’s climate and that of the world to come. And this is the lens through which we will peer back thousands, millions, even billions of years to tease out the lessons ancient episodes of environmental upheaval hold for us now, and in the future: from variations in the output of the sun, via the sudden heat spikes known as hyperthermals, to the balmy episodes that punctuated the bitter cold of the Ice Age; from times when our ancestors teetered on the edge of extinction to moments when life itself almost vanished from the whole planet; from the wild swings of climate-tipping points and sea-saws to near-instantaneous hikes in sea level and volcano and earthquake storms driven by the melting of the great ice sheets. As global temperatures approach those of the last interglacial period, known as the Eemian, we have to realise that our world is already embarked on a journey back to a prehistoric climate, so we are all deeply invested in trying to find out what is in store for us and those who come after.

Taken together, the bleaching reefs and ever more monstrous wildfires, the increasingly acid oceans and the collapsing ice sheets, the blistering heatwaves and biblical floods, can be interpreted together as a planet-wide SOS. Crucially, and terrifyingly, studies of ancient climate change tell us not that we have been here before, but that we have never been here before.

This, then, is a history book about the future. It’s about where our world and its climate are headed but how its roots are buried deeply in the past, across the immense span of time that has passed since the Earth was cobbled together from the leftovers of exploding stars. What you are about to read is an extraordinary story, set on a very special planet that happens to be our home, a home that has nurtured our species for 300 millennia and is the only one we have. The narrative takes you on a roller-coaster journey, an odyssey of discovery and wonder that will encompass everything from colliding worlds to planet-wide freezes – from magma oceans to submerged landscapes, from the explosion of life to mass culls, and from the very first single-celled creatures to humankind. And where better to begin than with our local star, without which, after all, we wouldn’t be here.








Chapter One

Everything Under the Sun

Our sun is at the same time astonishing and very ordinary indeed. In the grand scheme of things, its existence barely registers: a yellow dwarf orbiting the Milky Way galaxy – along with at least 100 billion other stars – at a distance of about 25,000 light years from the centre. As if to further emphasise its lowly standing on the universal stage, it is enclosed within a small interstellar cloud known by astronomers as the Local Fluff.

Up close, on the other hand, our neighbourhood star is really quite extraordinary. A ball of plasma, 15 million degrees Celsius at its core and almost 1.4 million kilometres across, it is big enough to hold more than a million Earths. Every second of every day it converts more than 4 million tonnes of mass into energy, and as this switch is governed by Einstein’s famous equation E=MC2 (energy = mass x the speed of light squared) – and the speed of light is a huge number – that is an enormous amount of energy.

Enough, according to NASA scientist Louis Barbier, to melt a bridge of ice 2 miles across and a mile thick extending all the way to the Earth, a distance of 93 million miles (149 million kilometres). Or, to put it another way, the energy the sun creates every second is the equivalent of detonating nearly 2 billion Tsar Bombas, which, at 50 megatonnes – equal to 50 million tonnes of TNT – was the most powerful hydrogen bomb ever built.

Our tiny planet, alone, intercepts sufficient solar radiation to supply our total energy needs 10,000 times over. And that is precisely what fossil fuels are: stored solar energy from the past, long ago transformed into plant matter via photosynthesis and then buried and converted over millions of years into coal, oil and gas. Extraordinarily, it takes almost 24 tonnes of prehistoric plant material to make every litre of petrol we burn today. So, despite the phenomenal amount of freely available energy constantly reaching our world from the sun, we choose to consume prodigious volumes of ancient sunlight.

Incoming solar energy is the engine that drives almost every major physical and biological process on our planet. Without it, there would be no photosynthesis, so no plants on land and no phytoplankton (mostly microscopic floating marine plants) in the oceans and, as a consequence, very little oxygen in the atmosphere. The tilt of the Earth’s axis gives us the seasons and ensures that not everywhere on our world’s surface gets the same amount of energy all the time, meaning that some parts of the planet are always heating up while others are cooling down. The resulting temperature differences, combined with our planet’s rotation, bring about the circulation of both the atmosphere and the oceans and shape the patterns of winds and marine currents. Whatever weather you saw out of your window when you pulled the curtains back this morning – wet or dry, cloudy or clear, still or squally – was also a consequence of the sun’s input. It influences the formation of clouds, the precipitation that falls from them and the temperature and humidity we feel. Via the weather, our local star can make us feel glad to be alive … or as miserable as sin.

The sun is also the prime mover behind the storms and floods, droughts and wildfires that touch us all at some time or another. If the sun is the primary driver of the weather, then it must necessarily have an influence on the climate too, for ‘climate’ is only weather averaged out over an extended period. Most critically, the sun is the ultimate arbiter of the temperature of our world, which is largely a function of the amount of solar energy that arrives compared to that which finds its way back into space. Known as the planet’s energy balance, this should hover around zero. It is, however, now massively – and scarily – out of kilter, as the ever-thickening blanket of anthropogenic (human-made) greenhouse gases allows the sun’s energy in but stops it leaving. This growing energy imbalance is – in a nutshell – what global heating is all about.

Despite the colossal amount of evidence ranged against them, individuals like Malaysian–American engineer Willie Soon2 and Piers Corbyn,3 brother of the former Labour Party leader Jeremy, still push the climate-denial narrative, which holds that natural variations in the sun’s activity are the prime cause of global heating. These people regard the sun as a sort of touchstone, inevitably turning to it whenever they need to explain away – without recourse to greenhouse gases spawned by humanity – the now impossible to ignore heating of our world and the collapsing ice sheets, accelerating sea-level hikes and explosion of weather extremes that go with it. As we will see later in this chapter, explanations that hold the sun responsible for current global heating are trumped-up and entirely evidence-free. For now, though, let’s dig deeper into the life story of our local star, which has not always been the jolly yellow ball we depend upon to brighten up our lives.


Our very own fusion reactor

While we think of the sun as one of the few constants in our lives, the truth is that it is very much the opposite. Anyone who has seen the sun as viewed through a large telescope will know that it is an ever-changing ball of roiling plasma, riven by violent storms and blasting filaments and flares of star-stuff millions of kilometres out into space. Its surface is often disfigured by sunspots, dark splodges that mark patches of lower temperature associated with differences in the sun’s massively powerful magnetic field. Sunspot numbers vary over time, attesting to an 11-year Solar Cycle that sees the sun’s magnetic activity wax and wane. Over this period, the output only changes by a tiny 0.1 per cent. This is, nonetheless, significant enough for our sun to be classed as a variable star – in other words, one whose brightness changes systematically over time. While the variation in solar output is very small, it is still large enough to influence our world’s weather, and this is something we will explore in more detail later. Studies that have helped to build a picture of solar activity over thousands of years reveal that other Solar Cycles on other timescales exist too, which may also be reflected in past changes in our climate.

If we could go back to its formative years, our local star would be barely recognisable. Together with its retinue of planets, the sun coalesced – around 4.6 billion years ago – from a collapsing cloud of interstellar gas and debris left over from the annihilation of older stars. It may not have been alone, and there is some evidence that it was part of a stellar nursery that included other newborn stars that formed close by – close by in astronomical terms at least.

What would end up as the sun started off as a diffuse sphere the size of the solar system, made up of dust, gas and fragments. Rotation of the cloud squashed this into a disc that contracted, heated up as the density increased and began to spin faster. Eventually, it shrank to form a rapidly spinning protostar, a few times the size of the sun today. This marked an especially dynamic time, known as its T-Tauri phase (after the star of the same name in the constellation of Taurus), characterised by super-powerful magnetic fields, violent surface activity and the blasting out of streams of particles making up the stellar ‘wind’. Soon after, the core reached the critical temperature of about 10 million degrees Celsius. This temperature was sufficient to initiate nuclear fusion, causing atoms to bind with other atoms, in the process releasing phenomenal amounts of energy as light. This entire process took just a few tens of million years – a blink of an eye from both astronomical and geological perspectives.

By the time the Earth had cobbled itself together, the sun would already have been shining in its sky, but it would have been a far less impressive sight than it is today, giving out only about 70 to 75 per cent as much light. This dramatically reduced solar input made the primordial Earth a dimmer place and also poses a serious problem for those trying to build a picture of the very earliest history of our world and its climate. 



The big freeze that wasn’t

If the sun, today, shone at a little over two-thirds of its strength, our world would be a largely lifeless ice-ball. And this would be despite us pushing up the proportion of greenhouse gases in the atmosphere by half as much again in the couple of centuries since the Industrial Revolution. Why, then, was this not the case during the early years of our planet’s existence? This was a time of extraordinary changes, but the transformation of our world into a frozen wasteland wasn’t one of them. Instead, there is plenty of evidence the climate was mild and that liquid water existed at the surface, so something was keeping the temperature above freezing. Various explanations have been put forward to explain what is known as the Faint Young Sun Paradox, but by far the most likely involves the composition of the atmosphere.

During this time of reduced solar output, the Earth had just finished coming together, adding to its final mass through collisions with asteroids and comets. Around 100 million years after this, an extraordinary event happened, the ramifications of which have echoed down through geological time: the Earth collided head-on with a Mars-sized chunk of rock named Theia. This monumental cataclysm ripped our world open, forming a ring of ejected debris that coalesced to form the moon – and left our planet covered by a magma ocean. The collision also knocked the Earth off its axis and probably increased its rate of spin. Despite happening in the distant past, this extraordinary event shaped how we live today and has huge consequences for our climate.

Without a moon, there would be no tides, and without an axial tilt there would be no seasons. Our climate would be completely different as a result, and evolution may well have taken another path so that humanity might never have existed.

The magma ocean formed by the collision vented gases made up of carbon dioxide, water vapour and nitrogen, forming our planet’s first atmosphere. Once the magma ocean solidified and the Earth cooled, water vapour condensed to form the first oceans, leaving an atmosphere that was 97 per cent carbon dioxide, with the balance made up of nitrogen. The atmosphere was also very dense, resulting in crushing surface pressures of as much as 100 kilograms per square centimetre, rather than the 1 kilogram we experience today. All in all, it would not have been a nice place to be, and very reminiscent of the conditions on our sister planet Venus today. But the insulating properties of the thick carbon dioxide atmosphere helped it to hang on to the somewhat feeble heat from the weakly shining early sun and saved our planet from becoming frozen solid.

There is an important lesson to be learned here, which is that greenhouse gases per se are not bad; in fact, they are essential to the wellbeing of our world. When sunlight reaches the Earth, it passes through the atmosphere unhindered and heats the Earth’s surface. This heat is then radiated outwards, but some of it is trapped by gases like carbon dioxide, methane and water vapour in the atmosphere. This is the same way that a greenhouse retains its heat – glass taking the place of greenhouse gases – which is why it is known as the Greenhouse Effect. The Earth has always had its own natural greenhouse, and without it the average temperature of our world would be a steady minus 18°C. The problem today is that we have effectively built a second greenhouse around the first, augmenting accumulated heat and pushing up temperatures to increasingly dangerous levels.

On the early Earth, the thick atmosphere eventually thinned as carbon dioxide dissolved in rain reacted with silicate minerals in rock to form new carbonate minerals. If this hadn’t happened, the history of our world could have been very different. On Venus, which is nearer the sun and therefore significantly hotter, there was no available liquid water, so the carbon dioxide stayed where it was in the atmosphere. Meanwhile, the water, held in vapour form in the atmosphere, slowly leaked out into space. Today, the surface of Venus is hot enough – at 464°C – to melt lead, and the pressure 90 times higher than that of Earth. An exposed human body would be simultaneously crushed and incinerated within seconds.

The colossal difference between conditions on Earth and on our sister world flags the critical importance of orbiting the sun in what’s known as the Goldilocks Zone. Also known as the Habitable Zone, this marks the distance from the sun where conditions are just right for water to exist in liquid form. Today, in our solar system, the zone extends from about 0.9 to 1.5 Astronomical Units (AUs), where 1AU is equal to the average distance from the sun to the Earth, so almost out to the orbit of Mars. The size of the Goldilocks Zone obviously depends on the heat given out by the star at its centre, so it will be different for other planetary systems in the galaxy. It would also have been closer in when our sun was shining more weakly, which is why the thick cover of greenhouse gases was essential to allow liquid water to exist on the early Earth. The coming together of our world within the Goldilocks Zone is just one link in a long chain of astonishingly serendipitous circumstances that culminated in the emergence of humanity and that we are now in danger of pulling apart.



Sunspots, cycles and solar ups and downs

Since its formation, the sun has steadily grown brighter, so that today its output is approaching 1.5 times greater than in our planet’s early history. As we will see later, this is a trend that will continue as our world and its sun age together. Over most of geological time, the detail of changes in solar activity has been impossible to resolve. For the last few thousand years, however, we have begun to unravel the complexities of finer-scale variations in solar output and examine whether and how these might influence the weather and climate.

The amount of solar energy reaching the Earth is systematically variable, following a number of different cycles that operate on a range of timescales, all of which are ultimately related to changes in the sun’s magnetic field. There are so many cycles, in fact, that we’ll only address here those key to illuminating putative links between the sun and the climate.

The shortest, and by far the most obvious, is the 11-year Solar Cycle (also known as the Sunspot Cycle or Schwabe Cycle). Because this correlates nicely with sunspot activity, it can be easily monitored by means of telescopic observation, which is why its existence was mooted as far back as the mid-eighteenth century. Solar Cycle peaks are characterised by relatively high numbers of sunspots, whereas few sunspots are evident at cycle low points. As a Solar Cycle approaches its maximum, the magnetic field of the sun flips completely, and then back again at the peak of the following cycle.

The Solar Cycle wasn’t clearly defined until the mid-nineteenth century, when German amateur astronomer Samuel Schwabe carefully documented changes in sunspot numbers across a period of 17 years. At about the same time, in 1852, the Swiss astronomer Rudolf Wolf published a historical reconstruction of Solar Cycles going back a century or so, designating the cycle that began in February 1755 as Solar Cycle number one. As I write this, we are just past the peak of cycle number 25, which, by coincidence, began in the same month as the Covid virus first appeared, in December 2019.

At the peak of each cycle, the Earth receives only about one-tenth of 1 per cent more solar energy than at the low point, enough to raise the planet’s temperature by between 0.05 and 0.1°C. Clearly, this can’t explain away a global average temperature rise that across 2024 reached an alarming 1.62°C above pre-industrial times, especially as each tiny rise in solar radiation is transitory and tails off again in the years following. This isn’t to say, however, that the Solar Cycle can’t have a discernible impact on our world. The climate system is so complex, and involves so many interactions and feedbacks, that there may be ways by which the effect of even a tiny temperature change could be magnified so as to have some influence.

One area that continues to attract attention in this regard involves a possible correlation between low points in the Solar Cycle and colder-than-normal European winters. This is thought to happen because of a kink that develops in the Jet Stream, the zone of fast-moving high-altitude winds that separates cold Arctic air to the north from mild air to the south.

Cold European winters are enabled when the Jet Stream plunges southwards to the west of the United Kingdom and Ireland, blocking mild Atlantic westerlies and letting in the so-called ‘beast from the east’, a blast of bitterly cold air that comes straight from Siberia and blows westwards across the continent. Think back, if you were around and lived in the United Kingdom, to the extreme winters of 1947 and 1962 or, for younger readers, to 2010 and 2018. Exactly how changes in solar activity can drive such a shift in our weather patterns remains to be established, and, to be honest, the relationship isn’t especially robust. Some studies, in fact, have questioned whether it exists at all. Looking back in time, however, there is evidence that times of sustained low-level solar activity may have a role to play in bitter winters in the North Atlantic region, and I will return to this in the next section.

Comparison of individual Solar Cycles reveals that not all are the same. While some are characterised by peaks of very strong activity, others show little difference in solar output between low and high points. Looking back at the 25 Solar Cycles recognised since 1755, a pattern is discernible that sees two or three strong cycles, both preceded and followed by two or three weaker cycles, together making up what is known as a Gleissberg Cycle. Three of these cycles – each lasting around 100 years – are recognised since the middle of the eighteenth century. The latest, known as the Modern Maximum, began in 1910, peaked with the most powerful cycles in the 1950s and ended in the early 2000s.

Solar Cycles in recent years have been relatively weak, marking the beginning of the next Gleissberg Cycle. It is worth noting here that these recent variations in the sun’s activity show no correlation with the remorseless rise in the global average temperature and cannot therefore explain it. The fact is that, during a period defined by relatively weak Solar Cycles, the rate of global heating has shot up from 0.18°C per decade between 1970 and 2008 to 0.27°C between 2015 and 2024. This, on its own, is sufficient to pour very cold water on the suggestion that it is the sun, not human emissions, that is responsible for global heating.

Looking back over the last 12,000 years or so, it is clear that solar output changes across longer time scales too. Notwithstanding shorter-duration cycles, the amount of energy reaching us from the sun also varies over a period of between 2,100 and 2,500 years. The peaks and troughs of this so-called Hallstatt Cycle roughly correspond – respectively – to extended periods of high and low solar activity, known as grand maxima and grand minima, which have been linked to episodes of climate change in the relatively recent past.

The most recent grand maximum is the aforementioned Modern Maximum, which ended in the early years of the twenty-first century. Before this, the Medieval Maximum coincided with balmy conditions from about AD 900 to 1300, while an earlier solar activity high dovetailed with the so-called Roman Warm Period, which persisted from around 300 BC to AD 400.



Viking voyages, vineyards and frost fairs

This apparent connection between warm periods and sustained solar activity peaks has been a gift to ‘climate deniers’: those who refuse to believe that there are changes occurring in the Earth’s climate that pose a risk of environmental catastrophe or who are fixated on belittling carbon dioxide’s role in global heating. However, as we will see, all is not quite as it seems. Let’s drill down a bit further.

The warmth that accompanied the Medieval Maximum is known as the Medieval Warm Period or, more appropriately, as the Medieval Climate Anomaly (MCA). The interval was first recognised by the celebrated UK climatologist Hubert Lamb, who, in 1965, published evidence for what he referred to as ‘the early medieval warm epoch’. Lamb believed that a new ice age was on its way, but he was certainly no climate denier, and he recognised the big problems that rapidly accumulating greenhouse gases in the atmosphere would bring. In many ways, in fact, Lamb was ahead of his time, particularly in his recognition that the climate was far from constant and could change significantly on a scale comparable to human lifetimes. He was also the first to paint a comprehensive picture of the manifold ways in which climatic variations can and do have huge impacts on society and human affairs, a key theme of his seminal work Climate, History and the Modern World (1982). The book is still available and well worth a read.

During the medieval period – from roughly the tenth to fourteenth centuries – conditions were indeed especially temperate across Europe and the North Atlantic region in general, and this is reflected in many aspects of society at the time. The evidence strongly suggests that the warm conditions were especially favourable towards agriculture. Grain yields were high, and harvests in general were bounteous. Furthermore, milder weather meant that crops could be grown at higher altitudes and in places previously too cold or wet. Climate deniers will tell you that grapes were grown as far north as northern England, and they are right, about this at least. Mountain glaciers underwent significant retreat at this time, while weather records, and other observations, reveal fewer frosts, reduced duration of snow on the ground and the earlier flowering of spring plants, all pointing towards less severe and persistent winters.

This was also a time when Viking settlers – led by Erik the Red – arrived in what we know today as Greenland. Having been implicated in murder in his native Norway, Erik left with his father for Iceland. But it wasn’t long before he was in trouble there too, resulting in banishment for three years. Clearly not one to dwell on his misfortune, Erik took the opportunity, in about 982, to head west to a land he had only heard about. He explored both coastlines of Greenland, encountering some fine land ripe for farming, before returning to Iceland to spread the word. In around 986, he led a fleet of up to 30 ships westward, of which only about half made it to Greenland’s shores.

While the temperate conditions of the MCA meant this was a good time to launch such a venture, there is no reason to think that Greenland was especially green, rather than largely ice-covered as it is today. In fact, the Saga of Erik the Red – or Eiríks saga rauða in Old Norse – is quite clear that Erik came up with the name in the hope of attracting more settlers; Iceandbarerockland not likely to have the same pull!

Nonetheless, there were certainly enough green bits to allow the grazing of sheep and dairy cattle, and the settlers made a reasonable go of coping with the local climate and, if not thriving, then certainly prevailing. And this they did until at least the early fifteenth century, after which time nothing more was heard from the Viking settlements on Greenland. Various explanations have been provided for their demise, although, as we will discover soon, a cooling of the climate almost certainly played a role.

We need to clearly understand what was going on during the MCA because it has become something of a cause célèbre for climate deniers including the UK hereditary peer Christopher Monckton4 and Australian scientist Ian Plimer.5 Their argument runs as follows: it was hotter during the MCA than in the present day, yet human industrial activities hadn’t begun to significantly push up greenhouse gas levels; therefore, the warmth of the MCA must have been due to changes in solar activity. From this, so the argument goes, the global heating of today’s world must also have nothing to do with rising greenhouse gas levels in the atmosphere and everything to do with the sun.

If that conclusion were correct, then we could all stop worrying, carry on burning fossil fuels as if there’s no tomorrow and continue to hack down the forests. The thing is, they are wrong on every count.



The bigger picture

To begin with, recent studies that have dug deeper into the nature of temperature variations during the MCA reveal that some parts of the world, most notably Europe, did indeed heat up, but others either didn’t or warmed at different times. The MCA was not, then, a global event and as such was unlikely to have been a direct consequence of the prevailing solar grand maximum. Increased energy from the sun may have had some influence, and it has been suggested that this may have
















What next? Can the sun save us?
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