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Preface 

The Student Climate Strikes & Extinction Rebellion 

On 20th August 2018, the then 15 year old Greta Thunberg began her solo protest outside the 

Swedish Parliament in Stockholm, and continued every day during school hours until the 

Swedish General Election three weeks later. Motivated by her concerns about climate change, 

and her perception of a lack of adequate government action to address the problem, she sat each 

day holding a placard bearing the words “Skolstrejk för Klimatet” (School Strike for the 

Climate). Following the election on 9th September 2018, she continued her strike every Friday 

during school hours, and was gradually joined by other young people. 

Largely through exposure in social media, school pupils throughout the world began to join in 

Thunberg’s “Fridays for Future” strikes. On 31st October 2018, the students’ movement was 

joined by the newly-formed Extinction Rebellion (XR), and by December 2018, over 20,000 

students had staged actions in around 270 cities around the world. Since then, the climate 

protests have expanded massively – on 15th March 2019, over a million strikers were involved in 

around 2200 actions in 125 countries. By the time of the “Global Week for Future” actions 

between 20th and 27th September 2019, the protestors numbered around 4 million globally, in 

around 4500 strikes in over 150 countries. 

In August 2019, a conference of 450 young Europeans from the climate strike movement was 

hosted by the University of Lausanne. The conference ended with the publication of a 

declaration – the “Lausanne Climate Declaration” – stating the movement’s values and 

objectives. In summary, these are: 

1. To keep the global temperature rise below 1.5 °C compared to pre-industrial levels. 

2. To ensure climate justice and equity. 

3. To listen to the best science currently available. 

In parallel with these objectives, Extinction Rebellion has published the following demands on 

its own website: 

1. Government must tell the truth by declaring a climate and ecological emergency, working 

with other institutions to communicate the urgency for change. 

2. Government must act now to halt biodiversity loss and reduce greenhouse gas emissions to 

net-zero by 2025. 

3. Government must create, and be led by the decisions of, a citizens' assembly on climate and 

ecological justice. 

In relation to the need for us to listen to the best science and demand that governments tell the 

truth about what it implies, the aim of this paper is to provide summaries of the scientific 

background, of the risks posed by climate change, and of the actions that are likely to be 

required. From time to time, we all feel obliged to make sacrifices for the sake of our children’s 

wellbeing and prosperity. The success – or otherwise – of our generation’s stewardship of the 

planet will be the most challenging test of that obligation. 

Fred Foxon, October 2019 
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The Science behind Climate Change 

Beginnings: the 19th Century 

It is often assumed that the so-called “greenhouse effect” was a 20th Century discovery, 

arising at the same time as the emergence of current concerns over global warming and 

climate change. In reality, the concept was first put forward in 1824, by the French 

mathematician and physicist Joseph Fourier. Fourier conjectured that such an effect 

must exist, on the basis that the temperature of the Earth is considerably warmer than 

could be accounted for by incoming solar radiation alone, and that some mechanism 

must therefore act to trap a proportion of that incoming energy. 

A few years later in 1838, Claude Pouillet developed a mathematical treatment of 

Fourier’s work, and although lacking experimental evidence to substantiate it, 

attributed the effect to water vapour and CO2. Then in 1856, Eunice Newton Foote – a 

female American scientist – obtained the first empirical evidence for the heat-trapping 

effects of gases such as water vapour and CO2. Based on this work, she wrote a paper1 

arguing that changing the proportion of CO2 in the atmosphere would alter its 

temperature. Foote’s work was further developed by the Irish physicist John Tyndall, 

who in 1859 experimentally demonstrated and quantified the infrared absorptive 

capacities of various optically-transparent gases including water vapour, CO2 and 

methane. 

Finally, in 1896 the Swedish Nobel laureate Svante Arrhenius carried out further work 

on the warming effect of atmospheric CO2, and both identified and quantified the 

prospects for global warming, which he anticipated would occur due to the increased 

emissions of the gas that were taking place due to industrialisation. Thus, both the 

principles of the greenhouse effect and the likelihood of anthropogenic (i.e. human-

induced) global warming were known before the start of the 20th Century. 

In fact, none of the above writers used the specific term “greenhouse effect”, which 

was first introduced by the Swedish meteorologist Nils Gustaf Ekholm in 1901. Indeed 

the term is something of a misnomer, in that horticultural greenhouses act by inhibiting 

convective heat loss, whereas the planetary greenhouse effect operates by inhibiting 

radiative heat loss. In terms of the end result however, the two are broadly equivalent. 

20th Century Research 

During the 19th Century, a further idea had begun to take hold, namely that the Earth 

had undergone ice ages in the distant past. As evidence for their occurrence 

 
1 Her paper – Circumstances Affecting the Heat of the Sun’s Rays – was presented at a 

conference held by the American Association for the Advancement of Science in 1856. However, 
because women were not at that time permitted to address the AAAS, the paper was delivered on 
her behalf by Professor Joseph Henry of the Smithsonian Institution. 
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accumulated, hypotheses were developed to explain how they might have come about. 

Various proposals were examined, including the effects of gases emitted by volcanism, 

changes in the sun’s output, shifts in ocean currents and variations in the Earth’s orbit. 

The idea that changes in the Earth’s orbit were responsible had first been proposed by 

James Croll2 in 1864, although it was not until the work of the Serbian astronomer 

Milutin Milanković in the 1920s that this explanation became accepted. The effects are 

known as the Milankovitch Cycles. 

Over the following decades, further work was carried out on the effects of various 

factors that might affect the Earth’s climate, such as sunspot activity (which alters the 

strength of the sun’s output), variations in greenhouse gas concentrations, and the 

Milankovitch Cycles. At the same time, much more detailed investigations were 

carried out on variations in the Earth’s past climate, against which these proposed 

mechanisms could be tested. 

In the 1930s, analysis of the warming effect of atmospheric CO2 also began to be 

carried out by Guy Stewart Callendar, an English engineer and amateur climatologist, 

who published the first of his many papers on the topic in 1938. For a period, the 

phenomenon became known as the Callendar Effect. Given the limited data to which 

he had access, Callendar’s estimates of the rate at which CO2 was warming the Earth 

are remarkably accurate, as shown for example in a 2013 paper by Ed Hawkins and 

Phil Jones3. His work was then followed by that of the Canadian physicist Gilbert 

Plass, who published several papers on the topic in 1956. 

The work of Callendar and Plass led on to that of Charles Keeling, an American 

geochemist who in 1958 began collecting atmospheric CO2 samples at a research 

station situated 3000 metres above sea level on Mauna Loa on Hawaii. This location 

was chosen due to its remoteness 

from major centres of population 

and industry, and its considerable 

altitude, which together ensured 

thorough mixing of atmospheric 

gases before they were sampled. 

Although Keeling himself died in 

2005, his work continues to the 

present day. 

The detailed evidence collected 

by Keeling began to be correlated 

with empirical measurements of 

the Earth’s temperature, leading 

to increasing concern over rising 

carbon emissions and the 

 
2 James Croll – the son of a mason and who originally trained as a wheelwright – was a self-taught 

scientist from Perthshire. He went on to become a Fellow of the Royal Society. 

3 See https://rmets.onlinelibrary.wiley.com/doi/pdf/10.1002/qj.2178 

Figure 1: The “Keeling Curve”. 

https://rmets.onlinelibrary.wiley.com/doi/pdf/10.1002/qj.2178
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prospects for global warming. A graph of the gradual increase in atmospheric CO2 is 

known as the Keeling Curve, and is shown in Figure 1. This work formed part of the 

evidential basis of the 1965 Science Advisory Committee report to President Lyndon 

Johnson, which warned of the potentially damaging effects of carbon emissions on the 

Earth’s climate. 

The work of Charles Keeling has also been put into a much larger time-frame. 

Analysis of air bubbles trapped in Antarctic ice have shown that for the past 10,000 

years (i.e. since the end of the last ice age), the level of atmospheric CO2 remained at 

between 270 and 280 parts per million (ppm), while during the depths of the previous 

ice age it dropped as low as around 180ppm. Figure 2 shows the reconstructed records 

going back 40,000 years4. 

It is instructive to place these records of atmospheric CO2 against reconstructions of 

past global mean temperatures5. An overlaid graph of both variables – atmospheric 

CO2 and global mean temperature over the past 1000 years – is shown in Figure 3. The 

blue line shows the CO2 level, while the red line indicates temperature. Note that this 

graph ends in around 2005, when CO2 levels were around 30ppm lower than today, 

and global mean temperatures around 0.3°C cooler. 

On the basis of this work alone, there is a clear and strong correlation between 

atmospheric CO2 levels and global temperatures. However, as is often pointed out, 

correlation should not be confused with causation. Proving that increasing CO2 levels 

 
4 Ice cores from East Antarctica have so far taken the record back 800,000 years. 

5 This work uses what are known as proxy measurements, which provide indirect evidence of past 

temperatures. They include the examination of tree ring series going back thousands of years, ice 
cores, ancient pollen deposits, the skeletons of ancient coral reefs, and sediment deposits from the 
beds of oceans and lakes. 

Figure 2: Reconstruction of past atmospheric CO2 levels. Note the sharp & sustained 
increase since the 19th Century, circled in red at the far right of the graph. 
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have caused the temperature rise relies on other lines of evidence. Clearly, this began 

in the 19th Century, with experimental demonstrations that CO2 acts as a heat-trapping 

gas. Beyond that, many further studies have shown that none of the other possible 

mechanisms (including sunspots, orbital changes, fluctuations in ocean circulation 

patterns and variations in cosmic radiation) is capable of explaining the observed rise. 

It has also been suggested that the recent rise in temperatures has been caused by 

volcanic eruptions (which inject large amounts of CO2 into the atmosphere), rather 

than through anthropogenic (human-caused) CO2 emissions. This explanation too has 

been discounted, for two key reasons: 

• Volcanic eruptions generally lead in the short-term to a period of cooling, due to the 

fine ash and sulphate particles that are ejected high into the stratosphere, and which 

reflect a proportion of the sun’s rays back into space. 

• The amounts of CO2 that are produced are trivial compared with human emissions. 

Globally, volcanism generates around 180 million tonnes of CO2 annually, whereas 

human activities generate over 36 billion tonnes6. 

In other words, volcanoes are responsible for only around 0.5% of the CO2 that is 

added to the atmosphere each year. On this basis, and despite being extraordinarily 

inconvenient in relation to our current reliance on fossil fuels, the scientific position is 

crystal clear. The observed rise in global temperatures, and the resulting changes to the 

Earth’s climate, are almost entirely caused by human activity. 

 
6 See https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions. Our World in Data 

collates data on global trends and problems, and is based at the Oxford Martin Programme on 
Global Development in Oxford University. 

Figure 3: Atmospheric CO2 (blue) & global mean temperature (red). 

Year 

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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As for the unfolding awareness of the issue, first there was Svante Arrhenius’s work 

back in 1896. Later, one of the most high-profile warnings of the mid-20th Century 

came from Edward Teller7, who drew attention to the risk in the late 1950s, first at an 

American Chemical Society meeting in 1957, and again in 1959 at an American 

Petroleum Institute symposium. He warned that: 

[…] Carbon dioxide has a strange property. It transmits visible light but it 

absorbs the infrared radiation which is emitted from the earth. Its presence in 

the atmosphere causes a greenhouse effect [....] It has been calculated that a 

temperature rise corresponding to a 10% increase in carbon dioxide will be 

sufficient to melt the icecap and submerge New York. All the coastal cities 

would be covered, and since a considerable percentage of the human race lives 

in coastal regions, I think that this chemical contamination is more serious than 

most people tend to believe. 

The problem has long been understood even by the companies who are responsible for 

a large proportion of these emissions. For example in 1977, a research paper was 

presented to the executives of Exxon (before it became ExxonMobil) by James Black, 

a senior Exxon scientist8. Black’s paper highlighted the scientific consensus about the 

climatic effects of the burning of fossil fuels and the risks that this posed. Following 

Black’s presentation, between 1979 and 1982 the company engaged in a substantial 

research and climate modelling programme of its own, which concluded that the 

phenomenon was indeed real, and that its consequences could be catastrophic. As will 

be discussed later however, these conclusions did not cause Exxon – or any of the 

other fossil fuel companies – to alter their business plans or activities. 

Burning the Past, Destroying the Future 

For all of humanity’s existence, we have survived by seeking out resources from our 

environment – principally for food, warmth and shelter. We have done so largely 

without reflection on the consequences of our actions, simply making use of what we 

could find. While the global population numbered only in the tens of millions (which 

was the case up until at least the end of the Roman Empire), any negative effects of our 

actions were essentially limited and localised. However, as the human population has 

grown, and the range and scale of the resources that we have drawn upon has 

increased, so too have the impacts of our actions. 

 
7 Teller – a Hungarian-American physicist – was a member of the Manhattan Project which 

developed the first nuclear weapons, and later became known as “the father of the hydrogen 
bomb”. 
8 Dr James F Black began work with Standard Oil (which later became Esso, then Exxon) during 

World War 2. Following the presentation in July 1977, Black then sent the text of his paper to 
Frank Turpin, Vice President of Exxon’s Research & Engineering Company on 6th June 1978. The 
paper and its covering letter are available at: 
http://insideclimatenews.org/sites/default/files/documents/James%20Black%201977%20Presentati
on.pdf. 

http://insideclimatenews.org/sites/default/files/documents/James%20Black%201977%20Presentation.pdf
http://insideclimatenews.org/sites/default/files/documents/James%20Black%201977%20Presentation.pdf
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Since the dawn of the Industrial Revolution, those actions have begun to have a truly 

global reach. When a few tens of thousands of subsistence farmers burned off areas of 

forest to create farmland, the impact on the global atmosphere was a fraction of that 

caused by natural, lightning-triggered forest fires around the world. But when 

industrial-scale burning began in earnest – first of wood, and then of fossil carbon – the 

chemistry of the Earth’s atmosphere as a whole began to change. 

Unless it is done on an industrial scale (as is currently happening in the Amazon Basin 

and in Indonesia), the burning of wood – whether for fuel, land-clearance or due to 

spontaneous fires – essentially forms part of the natural carbon cycle. Trees and other 

plants absorb carbon from the air as they grow, then when they die, decay or burn, that 

carbon is returned back into the atmosphere. Just like the global water cycle (where 

water evaporates from the oceans, falls onto land as rain, and then returns to the oceans 

via rivers), the system remains naturally in balance. 

Fossil fuels by contrast do not form part of that natural cycle. To be sure, the carbon 

that they contain did indeed originally come from plants – plants whose carbon was 

absorbed from the air many hundreds of millions of years ago. At that time, instead of 

decaying and returning its carbon back to the air, some of that material became trapped 

in sediments and peat beds and was buried, following which it was transformed by 

pressure and heat into coal, oil and natural gas. And that is where it remained, until 

humanity began to extract and burn it. Its value to us lies in it being one of the most 

energy-rich resources on the planet – energy that was originally absorbed from the sun 

by those plants hundreds of millions of years ago. Essentially, we are using not just 

fossil carbon, but fossil sunlight. 

Although that carbon was drawn out of the atmosphere over a period of tens of 

millions of years, human actions have returned it there over a period of only around 

250 years. The rate at which fossil carbon is being put back into the atmosphere is tens 

or hundreds of thousands of times faster than it was removed in the first place – tens or 

hundreds of thousands of times faster than the natural carbon cycle can possibly 

accommodate. 

For the past 250 years, Western society has powered itself by burning fossil carbon. 

But the scientific evidence is clear that in so doing, we are mortgaging the future for 

our present comforts. By continuing to burn the past, we stand at risk of causing 

immense damage to the prospects for humanity’s future. Not because doing so will 

destroy the planet – over time, it will recover and flourish again. But until it does – 

which will not be for a great many human generations – our descendants will inherit a 

vastly depleted and impoverished world. It is their future that is currently being 

destroyed. 
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Current & Predicted Impacts 

The above summary is, by necessity, an extremely brief and partial account of what 

has now become a vast field of research. Although there is still a handful of dissenting 

voices, vanishingly few of these are climate scientists, and fewer still are researchers 

who have themselves published peer-reviewed papers in the field. In consequence, the 

basic premise that the climate is warming, and that the primary driver is atmospheric 

CO2 arising from human actions9 is at this stage almost universally accepted by climate 

scientists. Anthropogenic climate change is as well-evidenced and scientifically-

established as the germ theory of disease. 

That, however, represents only half of the story. As touched on at the end of the last 

section, by far the more important aspect concerns the impacts that those change will 

have on the Earth and its inhabitants. To address this, various international bodies have 

been set up to assess those impacts. The Intergovernmental Panel on Climate Change 

(IPCC) was established in 1988, following which the United Nations Conference on 

Environment and Development (the UNCED, commonly known as the Rio Summit) 

was held in Rio de Janeiro in 1992. 

At that meeting, the United Nations Framework Convention on Climate Change 

(UNFCCC) was introduced, with annual conferences (the Conference of the Parties, 

COP) scheduled to discuss and negotiate the actions to be taken. These conferences are 

in turn informed by the IPCC Assessment Reports, of which there have so far been 5 

since 1990. The 6th Assessment Report (known as AR6) is due to be published in 2022. 

Each of these Assessment Reports represents a distillation of thousands of research 

studies, and aims to provide the most accurate summary of the risks posed by climate 

change, as they are understood at the time of publication. It is noteworthy that each 

successive report has generally identified a wider range and a more serious degree of 

impacts than its predecessors. Many of the predicted impacts identified in earlier 

reports have now begun to take effect, as is being reported in the news on an ever more 

regular basis. Some of the most significant current and predicted impacts are: 

• Rising sea level – this is due to the combined effects of the thermal expansion of 

the oceans as they heat up, along with the melting of land-based ice (the melting of 

sea ice, although having a number of damaging consequences, does not itself 

contribute to sea-level rise). In its 2007 report, the IPCC predicted an increase in sea 

levels of 60cm by the end of the century; by the time of the 2014 report, that figure 

 
9 Not all of this comes directly from the burning of fossil fuels. Deforestation – especially in tropical 

and subtropical areas – the drainage of peat bogs, other land-use changes, along with the 
methane currently being emitted from areas that hitherto consisted of permafrost, are all 
contributing substantially to the atmospheric burden of greenhouse gases. 
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had been raised to 90cm. In the worst-case scenario, recent studies have placed the 

upper bound for sea level rise by the end of this century at 270cm.10 

• Increased flooding – the warmer the air, the more water vapour it can hold. As a 

result, there has been a growth in the recorded number of extreme rainfall events – a 

pattern that will almost certainly become increasingly common. There is also some 

evidence that atmospheric warming may increase the size of what are known as 

“atmospheric rivers” – long, narrow ribbons of extremely moist air that can lead to 

sustained and heavy rainfall when they make landfall. Most of these phenomena 

originate in the Pacific Ocean and affect the west coast of North America, although 

some also form in the Atlantic and can affect north western Europe. 

• Increased storm intensity – not only does warmer air carry more water vapour, it 

also contains more energy than cooler air. In consequence, there is a tendency for 

storms to become more intense as the atmosphere heats up. One possible result of 

this is an increase in the intensity of tropical storms (hurricanes and cyclones). 

Current predictions are that while these may reduce in number, they will grow in 

intensity and destructive power – a matter that appears to be borne out by recent 

events in the Caribbean, the south eastern states of the USA, western Mexico and 

south east Asia11. 

• Increased drought – in areas that are already dry, a rise in temperature causes an 

increase in evaporation, leading to drought. In addition, the drier the soil, the less 

permeable it becomes, with the result that when rain does arrive, more of it runs off 

rather than being absorbed, exacerbating the effect. Finally, although the 

atmosphere as a whole may carry more water vapour, climate-induced alterations in 

the patterns of the prevailing winds (including the jet stream) appear to be resulting 

in a reduction of rain-bearing airstreams  over some regions. The effects of climate 

change on Asian monsoons remain uncertain, although initial indications are that 

they may increase both the intensity and the variability of the rains. 

• Wildfires – higher temperatures and increased evaporation reduce the moisture 

content of vegetation, resulting in an increased risk of fire. This has been seen 

across a large and increasingly disparate range of landscapes throughout the world, 

including California, British Columbia, Australia, Alaska, Siberia and Sweden, as 

well as in the UK. It is significant that an increasing number of such fires are being 

 
10 Due to the thermal inertia of the system, the effects of the melting of land-based ice – 

particularly the Greenland ice sheet and that of West Antarctica – will continue for many centuries. 
There are also concerns that the existing degree of warming is bringing the process close to a 
tipping point, after which it will become unstoppable even if carbon emissions are stopped 
completely. In the long term (i.e. over a period of centuries), the total rise in sea level is likely to be 
in the order of several tens of metres – a level at which most of the world’s coastal cities will have 
become uninhabitable. 

11 It should be emphasised that in general, it is not possible directly to attribute any specific 

weather event to climate change, just as specific cases of lung cancer cannot be definitively 
proven to have resulted from smoking. All that can be said with certainty is that there is a clear and 
strong increase in probability – between climate change and high intensity storms in the first case, 
and between smoking and lung cancer in the second. 
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seen in Arctic regions. In addition, all such fires themselves act as a positive 

feedback to the climate system, both by increasing atmospheric CO2 and by 

producing soot which, if deposited on snow- or ice-covered terrain, speeds up the 

rate of melting due to absorption rather than reflection of sunlight. 

• Ocean acidification – as part of the natural carbon cycle, atmospheric CO2 

dissolves in water, decreasing its pH12. The more CO2 that is added to the air, the 

greater this effect, with the result that the world’s oceans are becoming less alkaline. 

A key danger is that the reduced alkalinity lowers the concentration of carbonate 

ions in the water, which are in turn used by some marine organisms (such as coral 

and certain species of plankton) to produce their shells. Apart from the increased 

stress this places on already-endangered coral reefs, the impact on broader ocean 

ecosystems is also likely to be substantial. Plankton lie at the base of a great many 

marine food chains, with the result that ocean productivity is likely to decline, 

including the fish species on which many human populations depend. 

• Species extinction – all species are adapted to particular habitats, whose properties 

are crucial for those species’ survival. As regions of the planet become hotter, 

wetter or drier, they may become unsuitable for their original species. If those plants 

or animals cannot move or adapt, they may be unable to survive. While animals can 

often move to more suitable areas, many plant species are unable to propagate fast 

enough to shift their range. In any case, both plants and animals may be hemmed in 

by geographic features such as mountains, deserts, rivers and seas. Previous 

episodes of climate change have occurred much more slowly and over far longer 

timescales than today, allowing species to adapt. In consequence, we are currently 

living through what has become known as the 6th mass extinction, with species 

being lost at a rate estimated at between 100 and 1000 times higher than the natural 

background rate. 

• Biodiversity loss – in addition to the loss of particular species, there is the 

associated risk of more general reductions in diversity among the planet’s 

ecosystems. In the main, the greater the diversity of an ecosystem, the greater both 

its productivity and its resilience. The vulnerability of large agricultural 

monocultures to pests and diseases, and the associated need for intensive pesticide 

use, gives a clear illustration. By analogy, removing the support cables of a 

suspension bridge one by one gradually reduces its strength and stability until the 

entire structure eventually fails. Even in a stable climate, diversity loss can have 

major detrimental effects; as the climate changes, the fewer species there are in an 

ecosystem, the lower its chances of adapting. This affects not only natural 

ecosystems, but also agricultural regions, as their productivity is often dependent on 

 
12 pH is a measure of the acidity or alkalinity of a solution. A neutral solution has a value of 7.0, 

with acid solutions lying below this value and alkaline ones above. Dissolved in water, CO2 forms a 
weak solution of carbonic acid. In fact, the term “ocean acidification” is something of a misnomer, 
in that sea water is and remains slightly alkaline. However, before the Industrial Revolution, the 
value was around 8.2, but has now dropped to around 8.1. 
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a range of other species, particularly pollinators such as bees and other insects, soil 

organisms, and predators that reduce pest populations. 

• Food security – although it is well known that increased levels of CO2 can enhance 

the growth of plants, including food crops, other associated changes appear to be 

having the reverse effect. These include flood, drought and heat stress, all of which 

act to lower the overall productivity of many of the world’s food-producing regions, 

especially in the Global South. Added to this is the impact of biodiversity loss, 

allied to the increase in the geographic range of many pest species, both of which 

serve further to reduce productivity. Likewise, any reduction in ocean productivity 

is likely to have similarly adverse effects on human food security. 

• Heat stress – some areas of the planet already have summer temperatures that are 

fairly close to the upper limit of human tolerance, with the result that large increases 

in heat-related deaths are often seen during heatwaves. Although global temperature 

rise is some way below the level at which parts of the globe will become completely 

uninhabitable, the growth in frequency and intensity of heatwaves is likely to make 

certain areas increasingly difficult and potentially hostile for long-term human 

habitation. 

• Migration – on their own, the latter two factors – food insecurity and heat stress – 

are likely to increase human migration from the worst-affected areas of the planet. 

In addition, rising sea levels (including the percolation of salt water into agricultural 

land, even where the land itself has not become inundated) can lead to enforced 

movement of populations. Current projections suggest that by the year 2050, there 

may be between 150 and 200 million climate refugees throughout the world. 

• Socio-political impacts – whenever human migration occurs, it tends to create 

social and political stresses in the regions into which those migrants move. The 

experience of Europe over the past 5 years has been particularly telling, despite the 

level of migration being a small fraction of what is likely to occur as the impacts of 

climate change increase. The prospects for civil unrest and armed conflict are also 

likely to rise considerably, especially in regions with less stable governments and 

fewer human rights safeguards, as well as those that are themselves already 

suffering from climate stress. 

The Holocene: a Climate Fit for Civilisation 

In relation to the above, the climatic conditions in which human civilisations arose – 

the development of agriculture and complex societies, the emergence of science and 

technology – have only lasted for just over 10,000 years, i.e. since the end of the last 

ice age. This period is known as the Holocene, throughout whose entire extent the 

Earth’s mean temperature has only varied by around ±0.5°C. In other words, over the 

past few decades, the Earth has already moved outside of the temperature range that 

humanity has been accustomed to since the Neolithic period. Quite how well 

civilisation is likely to fare is deeply uncertain. 
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From one perspective, all of these temperature changes may appear rather 

inconsequential. After all, the range of temperatures that have been experienced in the 

UK covers nearly 65 degrees, from -26.1°C to +38.7°C. Even the normal mean 

variation between summer and winter in the UK is around 12 degrees. Set against that, 

a change of 1, 1.5 or even 2°C might seem trivial. But what must be understood is that 

the Earth is a vast, interlinked system, in which small changes in one part can have 

profound effects on others, distant in both time and space. Thus, the occurrence of an 

El Niño event in the Pacific – involving a local temperature rise of as little as 0.5°C – 

can have profound impacts on weather systems on the other side of the planet. 

At root, a clear distinction must be made between weather on the one hand, and 

climate on the other. While the weather in a particular location can vary widely from 

one day to another, and even more so between different seasons, “climate” refers to the 

long-term averages for that region – averages in temperature, rainfall and so on. 

Without a forecast, we may not know what tomorrow’s weather may bring, but we can 

be confident that overall, next winter will be colder than last summer. Such seasonal 

changes are a matter of climate rather than weather. 

The temperature variations that can occur in a given place from one time to another 

might better be compared to the temperature to which a person’s skin might be 

exposed without harm. At least over brief exposures, the body’s extremities can 

tolerate a temperature range of well over 60°C without experiencing significant 

damage. However, if the body’s core temperature varies by more than about 2° from 

its normal value, serious and even life-threatening consequences can quickly ensue. 

It is against that perspective that changes in the Earth’s mean temperature must be 

judged. And while life on the planet – including human life – can undoubtedly survive 

far greater changes than have been seen to date, the same cannot be said with any 

confidence of human civilisation. Even small changes in temperature and rainfall can 

have a large impact on food supplies, even before factoring in the additional effects of 

flood and drought. And in regions where summer temperatures are already close to the 

limits of human tolerance, even a small increase can prove catastrophic. Many past 

civilisations have collapsed due to local or regional environmental changes; when 

those changes are global, the effects are also likely to be on a planetary scale. 

The modern world is extraordinarily interlinked, with drought or crop failure in one 

region causing food prices to rise on the other side of the planet. Most significantly, the 

global population is now so large, and the demand for food and resources so vast, that 

any disruption can have enormous consequences. There is very little slack in the 

system. If human populations need to migrate due to changing conditions, there are no 

empty spaces into which they can move. In short, the adverse consequences for human 

society if climate change continues are almost wholly unprecedented in their scale and 

reach. 
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Doubt, Scepticism & Denial 

Despite the overwhelming weight of scientific evidence showing that the Earth’s 

climate is changing, alongside the alarming prospects for what the future will hold if 

urgent action is not taken, a substantial number of news media, journalists and other 

commentators – including a significant number of politicians – have attempted to 

minimise, deny or ridicule the concerns that have been raised. The motivation behind 

these attempts to dissuade individuals and governments from taking action are 

sometimes unclear, although many do appear to be co-ordinated and possibly funded 

by organisations which would (in the short term at least) stand to lose if countries 

began seriously to decarbonise their economies. The most obvious of these are the 

fossil fuel industries themselves, whose role is examined first. Following that, some of 

the common arguments that are used against the scientific position are examined. 

Cigarettes & Carbon: the Obfuscation of Science 

In the early 1950s, Sir Richard Doll published research showing an association between 

smoking and lung cancer. Despite the continuing accumulation of evidence of a causal 

link, it took more than half a century before serious government action to curb the risks 

to both smokers and others by banning smoking in public places. 

Some of the most significant barriers to action were erected by the tobacco firms 

themselves. Their tactics included lobbying, the funding of political parties, pressing 

for voluntary rather than statutory controls, casting the matter as an assault on personal 

freedom, and creating fears of an overweening and over-taxing “nanny state”. 

Mathematicians and scientists were also funded by the industry to conduct studies and 

analyses whose purpose was to cast doubt on the science, or to create controversy 

where none actually existed. 

In so doing, the tobacco industry engaged public relations firms and lobbyists to 

promote their position, in addition to the mathematicians and scientists who were paid 

to carry out the work of obfuscation. Only a few years later, exactly the same approach 

started to be taken by the fossil fuel industry in seeking to protect its interests. It is 

intriguing to note that in many cases, exactly the same lobbyists and PR firms were 

employed, using tactics that had already been honed when working for the tobacco 

industry. Likewise, even some of the same mathematicians and scientists were 

employed by both groups, in generating the misleading evidence and spurious 

arguments that were used to cast doubt on the work of Richard Doll and others. 

As noted above, a significant body of climate science research was carried out by 

Exxon itself in the late 1970s and early 1980s. By the late 1980s however, the 

company had begun directly casting doubt on those same scientific findings. In the 

process, in addition to engaging lobbyists and PR firms, it also funded a variety of 

business-focused and free-market-oriented “think-tanks” such as the Global Climate 

Coalition, the Competitive Enterprise Institute, the George C Marshall Institute, the 
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Heartland Institute, the American Legislative Exchange Council and the International 

Policy Network. It is estimated that since the Kyoto Protocol was signed in 1997, 

ExxonMobil has donated more than $20 million to organizations dedicated to 

undermining the scientific understanding of climate change. 

The return on that investment has been considerable. Despite the signing of international 

agreements to limit emissions and combat climate change, the rate of increase in 

atmospheric carbon has accelerated. In the 1960s, the annual rate of increase was around 

0.6ppm; by 2018, it was nearly 4 times greater, at 2.3ppm. In the process, the fossil fuel 

industries’ profits have continued to grow. And in one of the most damaging of ironies, 

hitherto inaccessible areas such as the Arctic Ocean are now becoming sufficiently ice-

free to enable exploration for new oil and gas reserves to commence. 

Can Climate Models be Trusted? 

While much of the scientific evidence for climate change is based on direct 

measurement and observation, predictions of future impacts are largely derived from 

mathematical models of the Earth’s climate systems, to establish how these may 

change as greenhouse gas levels continue to rise. Prior to the climate modelling work 

done by Exxon, other scientists had already begun using computer models to test their 

theories, starting in around 1967. This kind of work continues to the present day, using 

increasingly large and fast computers, running ever more complex and sophisticated 

software to try to simulate the Earth’s climate in ever-increasing detail. Despite the 

sophistication and predictive power of such models, some commentators still express 

scepticism about their value and accuracy. 

To put such scepticism into context, the power and effectiveness of mathematical 

modelling can perhaps most dramatically be illustrated by its use in the development of 

the US Space Shuttle in the late 1970s. When the Columbia orbiter took off on its 

maiden flight on 12th April 1981, the only real-world tests that had been done to check 

the vehicle’s performance and flight characteristics came from 5 glide tests performed 

in 1977, when it was carried on top of a Boeing 747 and then released to make an 

independent descent back to the runway. The maximum release altitude during those 

tests was 26,000 feet, and the maximum speed that the vehicle reached during these 

unpowered descents was 310mi/hr – less than half the speed of sound. When Columbia 

re-entered the Earth’s atmosphere at the end of its first orbital flight, it’s initial altitude 

was over 812,000 feet, and its speed was 17,500mi/hr. 

Bearing in mind that this was a crewed mission, the only information that the mission 

team had – apart from the glide tests and wind-tunnel trials – came from mathematical 

modelling of the vehicle’s flight characteristics. Based on that modelling, they were 

able accurately to predict the vehicle’s behaviour at speeds more than 56 times greater 

than those at which it had ever previously been flown. In other words, provided the 

data and mathematics are accurate and complete, such modelling can be an immensely 

powerful and effective tool, as witnessed by the fact that John Young and Robert 

Crippen stepped safely onto the tarmac at Edwards Airforce Base at the end of that 

initial flight. 
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Of course, any system of analysis, modelling or prediction, whether computer-based or 

not, is subject to the well-established weakness known as GIGO – “garbage in, garbage 

out”. If you don’t give it accurate data, you won’t get an accurate result. To guard 

against that risk, climate models are extensively tested – principally by way of what is 

known as hindcasting. By taking known climate data from an earlier time – for 

example, the year 1930 – as the starting point, the model is then run forwards to 

simulate how the climate system evolves over a period of say 60 years, and the results 

checked against what we know to have been the case in 1990. If the model successfully 

predicts the changes that actually happened, then it can reasonably be expected to 

model what will happen in the future. 

In addition, climate models have now been running simulations for many decades, so 

that earlier predictions can be checked against what has actually taken place. Overall, 

the results are very accurate, with the exception that some real-world changes have 

occurred faster than the models predicted – i.e. the effects were worse than had been 

expected. In the main, such errors have resulted from unanticipated positive feedbacks 

within the climate system. One example of such feedbacks is where the melting of 

bright, reflective Arctic sea ice uncovers areas of water, which are much darker in 

colour. Unlike the ice, these areas of open water absorb large amounts of energy from 

sunlight, leading to further melting and further warming, in a vicious and escalating 

cycle. It is for this along with other reasons that parts of the Arctic have warmed by 3 

to 4°C, compared to the global average of around 1°C. 

However, whenever such errors are detected, they lead to refinements of the models, so 

that future predictions become ever more accurate. At the present time, the forecasts are 

anything but reassuring, and the grounds for doubting their accuracy increasingly slender. 

But Hasn’t the Climate Always Changed? 

As direct and incontrovertible evidence of climate change has mounted, it has become 

increasingly difficult for sceptical commentators to simply claim that it is a myth – that 

it is nothing more than a Chinese conspiracy or an alarmist fantasy. In consequence, 

the approach taken by such commentators has changed. Instead of denying that 

changes are taking place, the argument has shifted to saying that the changes are 

normal, natural and inescapable. The question therefore arises as to whether the planet 

has not been hotter, and CO2 levels higher, in the past compared with today. To which 

the answer is an emphatic “yes”, on both counts. It is frequently raised by those 

claiming that present changes are due to natural variation, who seek to deny that there 

is a problem, or who wish to block action on the matter. But its significance is another 

matter entirely. 

For example, during the Eemian Warm period, which lasted roughly from 130,000 to 

115,000 years ago, mean temperatures were about 1 - 2°C higher than the present, with 

trees growing at North Cape in Norway (a region whose vegetation currently consists 

of Arctic tundra). However, that warm period was due not to atmospheric carbon 

levels, but rather to the long-term variations in the Earth’s orbit (the previously-

mentioned Milankovitch Cycles), which have driven the shift from ice age to 
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interglacial period and back again, over the past several million years. The CO2 levels 

throughout that period remained at about 280ppm, and continued to vary between 180 

and 280ppm until about 1750AD (i.e. the start of the Industrial Revolution). For 

comparison, the current level is just below 410ppm. 

By contrast, the Paleocene-Eocene Thermal Maximum (PETM), which occurred 

around 55½ million years ago, saw temperatures about 5 - 8°C above present day 

values. During this, the planet was effectively ice-free even at the poles. Indeed the 

polar climate of that time appears to have been sub-tropical. On that occasion, the 

cause seems not to have variations in the Earth’s orbit, but rather a very large increase 

in atmospheric CO2, which at its peak rose to at least 670ppm and possibly much 

higher. The source of that increase seems to have been from a series of major volcanic 

eruptions, amplified by the release of methane13 from previously-frozen areas of 

permafrost. Two very concerning implications of what is known about the PETM are: 

• The rapid warming that is currently being seen in the Arctic (as high as 3 - 4°C in 

some areas) is likely to cause similar methane releases over the next 50 – 100 years, 

thereby amplifying current warming trends. 

• The maximum rate of release of CO2 into the atmosphere during the PETM was just 

over half a gigatonne14 per annum, whereas current anthropogenic emissions are 

over 70 times higher, at around 36 gigatonnes per annum (see footnote 6 above). 

In other words, humanity is currently performing a massive geophysical experiment on 

the entire planet, on a scale that may be at or beyond the biggest changes ever seen in the 

geological past, and whose outcomes are highly uncertain. However, few of these 

outcomes are likely to be benign. From another perspective, the magnificent photograph 

taken from Apollo 8 by Bill Anders and known as Earthrise shows the Earth as a 

breathtakingly beautiful and colourful orb floating in the blackness of space, contrasting 

with the desolate grey surface of the moon. It is an image of both beauty and fragility that 

those who seek to dismiss the risks to the planet would do well to contemplate. 

Population, not Carbon 

Another commonly-stated view accepts that anthropogenic carbon emissions do indeed 

lead to climate change, but that the real root cause of the problem is overpopulation. If 

there were fewer people on the planet, so the argument runs, their impact on the climate 

would be negligible. As far as it goes, the reasoning is impeccable. With small enough 

numbers, we could all drive Humvees, own Lear jets, and travel to the Maldives on 

holiday every few months without a care in the world. 

 
13 Methane is a much more potent greenhouse gas than CO2. However, because it gradually 

oxidises in air, it eventually breaks down into CO2 and water vapour, which progressively reduces 
its warming effect. Over a 20 year period, it is around 84 times more potent than CO2, declining to 
28 times over a 100 year period. 

14 A gigatonne is a thousand million tonnes, or 109 tonnes. 
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Where the argument starts to unravel however is when we start to consider which parts of 

the human population need to be reduced. If, for example, we consider the annual per-

capita carbon emissions of the populations of Chad (0.05 tonnes), Mali (0.09 tonnes) and 

Niger (0.12 tonnes), those communities are almost wholly blameless. On the other hand, 

those of Australia (16.90 tonnes), the USA (16.24 tonnes) and Canada (15.64 tonnes) are 

in deep trouble. In other words, the populations that really need to be reduced are the rich 

ones. 

To be sure, our problems are certainly not helped by having a large and still-growing 

human population. But the people who are contributing by far the lion’s share of carbon 

to the Earth’s atmosphere are those of us in the developed world. While the education of 

women in the 3rd world, the universal availability of contraception, and the overturning of 

the Catholic Church’s prohibition on birth-control would undoubtedly benefit the welfare 

of a great many people, they would not even begin to address the problem of climate 

change. 

Climate & Conspiracy 

Over the years, a number of conspiracy theories have been put forward in an attempt to 

discredit both the scientists who are performing the research work on the one hand, and 

the campaigners who are attempting to persuade governments to take action on the 

other. In common with other such notions – the “faking” of the Apollo moon landings, 

and the death of John F Kennedy being the most well-known – those who believe such 

conspiracies show an almost endearing level of credulity. At the heart of such beliefs is 

the assumption that vast numbers of people could be persuaded to keep their mouths 

Figure 4: Earthrise. 
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shut about the plot, over periods of many decades, and without the truth ever leaking 

out. Despite the patent absurdity of many such claims, it may be worth examining a 

few of them to expose their underlying assumptions to the light of day. 

A Conspiracy of Climate Scientists 

Several commentators have attempted to argue that climate science operates as a 

closed shop. It has even been described as a kind of priesthood, whose work is 

conducted within a hermetically-sealed echo-chamber open only to the faithful, and 

isolated from critical appraisal. On this view, anyone who expresses dissenting views, 

or who attempts to present contradictory evidence, is guilty of heresy and will in 

consequence be silenced or expelled. This view is based on the most fundamental 

misunderstanding of the nature of the scientific process itself. 

All science consists of the development of hypotheses or models of how particular 

aspects of the world work, and then subjecting those ideas to experimental or 

observational test. In the same way that police investigations identify likely suspects, 

and test those hypotheses against the evidence, so science consists of creating (often, 

mathematical) theories of reality, and then checking to see whether the theory’s 

predictions are borne out by what happens in the real world. Many of the most famous 

scientists are those who have proposed a new and more powerful theory, which 

explains a wider range of phenomena, in greater detail and to a higher level of 

precision. In other words, if current theories about the Earth’s climate systems, and the 

factors that influence them are flawed, inaccurate or just plain wrong, the prospect of 

fame (if not fortune) would beckon any scientist who came up with a better alternative. 

However, no such alternative or competing theories, models or explanations have been 

proposed – and not for want of trying. There is a small but vocal group of scientists, 

many of whom have received funding from the fossil fuel industry, who for years have 

attempted to undermine the scientific consensus. Very few are actually climate scientists 

– individuals from other fields include David Bellamy (botanist), William Happer 

(physicist), Piers Corbyn (weather forecaster), Ian Plimer (mining geologist), Philip Stott 

(biogeographer) and Willie Soon (astrophysicist). 

Of those who are bona fide climate scientists, the majority have confined themselves to 

writing articles in the popular press that criticise the consensus view but without 

presenting any peer-reviewed work that breaks new ground. The relatively small 

number of peer-reviewed papers that have been produced by these scientists have 

largely been discredited or found to contain substantial and often fatal errors. The best-

known names among these climate scientists are Richard Lindzen, Fred Singer15, John 

Christy and Judith Curry. 

For conspiracy theorists however, the main driving force behind the scientific consensus 

is money. They hold that all researchers need funding, and anyone who seeks to 

challenge the consensus is at risk of having their funding withdrawn, or of failing to 

 
15 It is intriguing to note that Singer has also worked on reports attempting to downplay the health 

effects of passive smoking – work alleged to have been funded by the tobacco industry. 
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attract financial support for their project in the first place. However, a moment’s quiet 

reflection should suffice to cast serious doubt on this view. 

Anyone familiar with science funding is aware that in the main, money is limited, 

particularly where funds come from government bodies. In consequence, many 

universities, research establishments and individual scientists have to seek additional 

funding from other sources – generally from industry. Ironically, some of the 

wealthiest industries on the planet are those involved in the extraction and refining of 

fossil fuels. And there can be few industries whose interests would be better served by 

research that undermines current concerns about climate change. 

In other words, it is extremely hard to understand why a hugely wealthy industry – one 

that would benefit enormously from such work – has thus far failed to fund research that 

successfully contradicts the consensus view, unless such work has in fact proven itself to 

be doomed to failure. Doomed, that is, not because it cannot attract funding, but because 

of its total failure to identify any coherent measurements, mechanisms or explanations 

that contradict the vast body of research that now exists on anthropogenic climate 

change. 

“It’s All a Left-Wing Conspiracy” 

One frequently-raised complaint about the environmental movement in general and 

about attempts to mitigate climate change in particular is that they are actually a cover 

for an anti-business, left-wing conspiracy. On this view, their real purpose is to destroy 

capitalism, raise taxes and subject the world’s population to a life of joyless, 

constrained and impoverished Soviet-style communism. 

In relation to this charge, it is intriguing to note that the UK’s first environmental 

organisation was The Conservation Society (founded in 1966). There is little irony in 

its name, as the majority of its members were well-off, middle-aged and of a politically 

conservative outlook. Like the much longer-established Campaign to Protect Rural 

England (CPRE), its principal aim was to conserve and protect those aspects of the 

British countryside that seemed at greatest risk from unbridled development. 

Between the 1960s and 1980s, perhaps the most significant change that took place was 

the replacement of deerstalkers with dreadlocks. But those later environmentalists had 

just as much concern for the natural world as did their predecessors, even if in their 

tactics as well as their personal style, they raised a few more eyebrows (and possibly 

also hackles). At the same time, a greater proportion had a more left-leaning and in 

some cases anti-capitalist viewpoint, compared with their forebears. 

Today, however, Extinction Rebellion protests include people of all ages and 

backgrounds. Alongside school children there are retirees who fear for their 

descendants’ futures, many of whom are prepared to risk arrest for their pains. And in 

between are doctors, lawyers, politicians, scientists, media celebrities, and ordinary 

working people, all of whom have exactly the same fears. Viewed dispassionately, 

they hardly seem the agents of a left-wing revolution. 
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There does however remain a question regarding the nature (if any) of the relationship 

between environmental concern and political stance. Undoubtedly there are some left-

wing activists among the protestors. Have they simply latched on to the environmental 

movement as a new and useful stick with which to beat the establishment? Or have 

people with environmental concerns come to see the problems as having arisen from 

the excesses of free-market capitalism, and accepted the need for far-reaching change 

as a result? Or are the two factors largely independent of each other? Taken across the 

environmental movement as a whole, the reality is that all three possibilities almost 

certainly co-exist. 

There is, however, one clear sense in which the “left-wing” charge contains a grain of 

truth – but as effect rather than cause. If it is accepted that the Earth’s climate is indeed 

changing, at a rapid and potentially disastrous rate, and that human actions are the 

main driver, it therefore follows that mitigation will require substantial constraints 

being placed upon those industries and processes that are the principal cause. In other 

words, the free market cannot be allowed to continue on its current unbridled path. 

Indeed, in the words of Nicholas Stern (hardly a poster-child for left-wing 

insurrection16), “climate change is a result of the greatest market failure the world has 

seen”17. In other words, business as usual has shown itself to be incapable of resolving 

the problem. Some sort of restructuring of the market economy will have to take place, 

in which environmental impacts are given at least as much weight as the profit motive. 

If it is accepted that one of the aims of a left-wing agenda is to constrain the actions of 

free-market capitalism, then in certain respects it shares a common cause with those 

seeking to combat climate change. But not because combatting climate change is itself 

a left-wing cause. Rather, it is more reasonably seen as a matter of rational self-

preservation. In other words, concern over climate change is no more a left-wing 

conspiracy than the Catholic Church is a paedophile one. 

A Conspiracy of the Right? 

Viewed dispassionately, the clearest candidates for charges of conspiracy are those 

ubiquitously right-of-centre organisations mentioned above – the think-tanks and 

lobbying organisations largely funded by the fossil fuel industry and the super-rich, 

such as the Heartland Institute and the American Legislative Exchange Council in 

America, and the Global Warming Policy Foundation here in the UK. Over the past 30 

years, they have mounted well-funded campaigns to cast doubt upon the science and 

 
16 His career encompasses having been a lecturer at Oxford University, Professor of Economics at 

Warwick University, Sir John Hicks Professor of Economics at LSE, Chief Economist & Special 
Counsellor to the President of the European Bank for Reconstruction and Development, a member 
of the International Advisory Council of the Centre for Social & Economic Research, Chairman of 
the London Economics consultancy, Chief Economist & Senior Vice-President of the World Bank, 
and 2nd Permanent Secretary at HM Treasury. His current position is Professor of Economics & 
Government and Chair of the Grantham Research Institute on Climate Change and the 
Environment at LSE. 

17 Quoted from The Economics of Climate Change: the Stern Review, produced for the UK 

Government in 2006. 
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block substantive action by governments. With the aid of compliant media outlets, they 

have over many years successfully convinced large numbers of politicians and large 

sectors of the public that there is nothing to worry about. 

While some of those organisations openly receive funding from the fossil fuel industry, 

others have maintained a high level of secrecy about their backers. However, in terms 

of the arguments and talking points that they use, and the scientists whom they employ, 

there are strong grounds for concluding that all have at least some of their roots 

embedded in the soil of industrial carbon. 

That is not to say, however, that all of their spokespeople or supporters are themselves 

in thrall to the fossil fuel industry. Some people simply enjoy holding a position that 

goes against the mainstream. However, the majority of public figures who argue 

strongly against action on climate change in all likelihood simply see their own vested 

interests threatened by such action, or are so deeply wedded to free-market thinking or 

notions of personal liberty and unfettered consumption that they cannot countenance 

anything that might jeopardise the status quo. 
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The Scale of Action Needed 

Hopefully the foregoing not only illustrates that, on its present course, the world is 

faced with problems of an unprecedented scale, but also that the current generation 

must act quickly and decisively to minimise the growing impacts. “Minimise”, not 

“prevent” it must be emphasised – the time is long past for us to be able to avert the 

impacts that have already become embedded in the climate system. Had we acted on 

the scientific advice when it was first offered to world leaders nearly 30 years ago, 

things might have been different. But – for reasons partly touched upon above – that 

advice was never heeded, and those who did pay attention were shouted down. 

On current scientific advice, the world – not Britain, Europe, the USA, China, India or 

any particular country, region or bloc – the entire world, must reach net zero carbon 

emissions by 2050 at the latest, if our children’s generation and those that follow are to 

have any hope of a reasonable existence. And in order to achieve that, we must start 

decarbonising our economies now. Not next year, not after the next election, not after 

Brexit has been resolved, not after fusion power or some other futuristic unicorn is 

safely within our grasp. But now. That is why the children are shouting. That is why 

Extinction Rebellion is taking to the streets. That is why scientists – people who by and 

large have remained out of the public eye, quietly getting on with their research – are 

finally taking a public stand. Having spent decades presenting their work to world 

leaders and being ignored in favour of the self-serving blandishments of corporate oil, 

even scientists are now raising their voices. 

But isn’t Britain already doing enough? With all our wind and solar farms, aren’t we 

already well on the way to decarbonising our economy? Isn’t it the world’s major 

carbon emitters – countries like China – that really need to assume the greatest burden 

of responsibility? 

Decarbonising the British Economy 

According to the UK Government’s Committee on Climate Change, “UK emissions have 

continued to fall since the Climate Change Act was passed in 2008. In 2018, the UK’s 

emissions were 44% below 1990 levels, while the economy grew by two-thirds over the 

same period. The UK has met the first two carbon budgets (2008-12 and 2013-17) and is 

on track to meeting the third (2018-22).” On the face of it, that sounds extremely 

positive. But unfortunately, the position is not quite so rosy as might at first appear. 

First of all, these figures do not include the UK’s apportioned responsibility for 

international air travel and shipping, both of which are subject to continuing emissions 

growth, as well as being sectors that are themselves extremely difficult to decarbonise. 

But even more significantly, Britain has in effect exported a large and growing part of 

its carbon emissions. While the UK economy has continued to grow, UK 
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manufacturing – particularly the most energy- and carbon-intensive elements – have 

increasingly been moved offshore, in large measure to China and East Asia18. 

It is therefore rather ironic when people insist that we are fulfilling our responsibilities, 

and demand that instead, countries like China should stop polluting the atmosphere 

with their coal-fired power stations. To be sure, China is the world’s largest emitter of 

carbon. But a huge proportion of those emissions are created in manufacturing goods 

for the rest of the world, Britain included. At the same time, China has the world’s 

largest renewable energy capacity, and also invests more in renewables than any other 

country. In 2017, China was responsible for 45% of global renewables investment, and 

its installed capacity grew by a massive 12% in the following year. 

So yes – the science tells us that the entire world needs to do better. But that most 

certainly includes Britain, in our direct domestic emissions, in our share of 

international shipping and air travel, and in the emissions that we have exported to 

those countries that manufacture goods on our behalf. 

How do National Carbon Emissions Compare? 

When looking at responsibility for carbon emissions on a country-by-country basis, it 

is also important to decide on the most equitable approach to measurement. As already 

noted, China emits more carbon than any other country. But it also has the world’s 

largest population. It is therefore more appropriate to view emissions on a per-capita 

rather than a per-country basis.  

Viewed through that lens, China’s per-capita emissions are only slightly above those of 

the UK, at 7.5 tonnes annually, compared to the UK’s 6.5 tonnes. However, once we 

account for the emissions associated with goods imported into the UK, we must add 

around 2.6 tonnes or 40% (on 2016 figures), giving us a national per capita total of 

around 9.1 tonnes. At the same time, around 1.05 tonnes or 14% of China’s per-capita 

emissions (also on 2016 figures) were for goods exported abroad. On that basis, the 

emissions for which its own population was actually responsible falls to around 6.45 

tonnes per capita. In other words, each UK citizen is responsible for around 40% more 

carbon than their Chinese counterpart. 

Creative Accounting 

As can therefore be seen, the UK’s performance on carbon emissions is substantially 

worse than a cursory examination might suggest. The claim that we are doing far better 

than China is based on no more than a cynical piece of creative accounting. And while in 

economic terms, keeping inconvenient costs off the books may cause investors and 

lenders to view one’s company or country in a more favourable light, the unfortunate fact 

is that the global climate system is much less easily fooled by such sleights of hand. 

 
18 For example in 1970, the UK produced around 30 million tonnes of steel; current production is 

around 8 million tonnes, representing less than half of national demand. 
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Historical Responsibility 

In considering its overall responsibility, the UK’s current 

emissions cannot simply be viewed in isolation, but also 

alongside our cumulative contribution to the status quo. 

Britain was the birthplace of the Industrial Revolution, 

and as such, has been emitting carbon for longer than any 

other country, beginning in around 1750. In its cumula-

tive national emissions19, the USA lies in number one 

position, being responsible for nearly double China’s 

figure, while the UK lies in 5th position. The top ten 

emitters in rank order are shown in Table 1. 

It cannot therefore reasonably be argued that Britain is 

exempt from responsibility for the climate crisis. Of 

course it goes without saying that for most of the time 

since the Industrial Revolution, we have been unaware of 

the consequences of our actions (even if Svante Arrhenius 

might have warned us of the likely effects back in 1896). 

However, for this as in many other cases, ignorance is no 

defence. Had I turned on an electric heater while doing 

some work in my garage last January, and then forgotten to turn it off until September, 

my provider would still bill me for the £1000 worth of wasted electricity. A supply 

company is unlikely to be moved by a customer’s plaintive appeal that they didn’t know 

they had left the heater on. 

The Moral Imperative 

So ought people to be troubled by all of this? For UK residents over the age of about 

60, whose sole concern is living the rest of their life unencumbered by unnecessary 

doubts or worries, the answer for many is, possibly not. Unless, that is, they have 

children or grandchildren about whose welfare they also care. For anyone below that 

age, the chances are that their own welfare too is likely to be compromised by what is 

to come. In other words, virtually all of us arguably have a vested interest in 

minimising the damage being wrought by climate change. But in addition to any such 

vested interest, there is a strong case that we also have a moral duty to act. 

Intergenerational Equity 

In simpler terms, this refers to the moral duty to leave the world in a fit state for future 

generations. Britons who reached adulthood after World War 2 have, in a great many 

respects, been the most fortunate generation ever to have lived. A universal and free 

health service; free education; rising life expectancy; a huge reduction in infant 

mortality; the virtual elimination of many hitherto life-changing and fatal diseases; 

 
19 See https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions#co2-embedded-in-trade 

 

Country 

Cumulative CO2 
emissions to 
2017 (tonnes) 

1 USA 399,378,000,000 

2 China 200,136,000,000 

3 Russia 100,589,000,000 

4 Germany 90,565,630,028 

5 UK 77,071,055,648 

6 Japan 62,304,608,199 

7 India 48,557,863,281 

8 France 37,768,075,471 

9 Canada 31,913,521,876 

10 Poland 26,848,816,401 

Table 1: Top 10 countries’ 
cumulative emissions. 

 

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions#co2-embedded-in-trade
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warm, dry and comfortable homes; the easy availability of an unprecedented range of 

nutritious foods and high-tech goods; effective, comfortable and flexible personal 

transport; unprecedented travel opportunities; a vastly improved work-life balance; 

levels of personal wealth that vastly exceed those of previous generations . . . 

Viewed from that perspective, most (although by no means all) of us have never had it 

so good. Since the latter half of the 20th Century, people’s living standards have 

skyrocketed. The problem is that the primary driver of that enrichment has been the 

availability of cheap and plentiful energy, almost all of which has come from fossil 

fuels. People of the 20th Century discovered that they had come into a vast inheritance 

– one that was set aside hundreds of millions of years ago – and have been on a 

prodigious spending spree ever since. 

The trouble is that in the space of only 3 or 4 generations, most of the capital making 

up that inheritance has been spent. But even if we do not burn our way through what 

remains of the Earth’s carbon capital, using it in the way that we have has set the world 

on a course towards impoverishment, instability and destruction. Impoverishment of 

the seas, soils and ecosystems on which humanity depends; instability of the climate, 

pushing it beyond the range favourable for complex societies and civilisations; 

destruction of many of the most beautiful and awe-inspiring landscapes and living 

systems on the planet, including the polar wildernesses, the mountain glaciers and the 

coral reefs. 

Viewed objectively, we all make considerable sacrifices for the sake of our children – 

in what we spend our money on, in where we live, in what we do with our free time. 

But in reality, few parents see those decisions as sacrifices – rather, they represent 

willingly-made choices, motivated by love and care. It therefore seems inconceivable 

that we would not make similar choices – or sacrifices, if you will – to ensure that our 

children and grandchildren inherit a world as safe, rich, diverse and beautiful as that 

which we have enjoyed. 

In large measure, the love and care that we bestow on our children does not result from 

moral deliberation. Rather, they are an immediate and instinctive response. But then, at 

root, that is the wellspring of our morality in the first place. Even very young children 

have an (innate?) appreciation of right and wrong. Atheists are no less moral than the 

deeply religious. To be sure, educational, cultural and religious forces help shape our 

moral choices, but at heart, we are all moral beings. And setting aside for a moment the 

cultural and economic value systems with which we have become imbued, and which 

shape some of our moral choices, our core instincts are to protect the welfare of our 

descendants. It is with that clarity and simplicity of purpose that we must approach 

those most pressing of decisions that we currently need to make. 

Global Equity 

One frequently-heard objection to global action on climate change is that, to impose 

restrictions on carbon emissions would harm the poorest and most vulnerable societies 

on Earth. Having benefitted from the economic development that fossil fuels have 

provided in the industrialised world, how dare we tell the world’s poorest that they are 



28 

to be denied the same possibility? Ironically, it is an argument most frequently heard 

from those who are themselves already rich, and who in almost every other respect, 

seem to show little concern for the development of the 3rd World. 

The reality is rather different. First, those 3rd World societies most in need of 

development are also those most at risk from climate change, despite having done the 

least to cause the problem in the first place. Furthermore, in all affected countries, it is 

the poorest who will be the least able to cope, given their more limited resources and 

more restricted mobility. Acting to address the problem therefore stands to provide the 

greatest benefits (as well as preventing the greatest harms) to those already-

impoverished societies and individuals. But second, as we are already finding out 

ourselves, many technologies exist that are easily capable of substituting for carbon-

intensive energy sources. 

What is needed is not a growth in fossil-fuelled technology in the developing world, 

but rather a leapfrog in the technology that is used. Apart from those few countries that 

also possess their own indigenous fossil fuel resources, most would simply be further 

indebted by having to import increasing amounts of coal, oil and gas to power their 

economies. Instead, the rapid transfer of renewable technologies to those countries 

would set them on a development pathway where the fuel required was local, free and 

inexhaustible. Channelling investment and development aid towards that end would do 

far more for the world’s poorest than locking them into an ongoing cycle of debt and 

dependency through a continued reliance on fossil fuels. 

The Nature & Scale of Action Required 

The 2008 Climate Change Act committed the government to reduce the UK’s carbon 

emissions by 80% compared to their 1990 level, by the year 2050. Then in June 2019, 

Prime Minister Theresa May strengthened that commitment to one of “net zero by 

2050” – i.e. a 100% reduction in CO2 emissions. In itself, that is a not-inconsiderable 

target – it means that all emissions from homes, transport, farming and industry either 

must be eliminated completely, or else offset20 in some way. 

What is as yet unclear however is whether that “net zero” target includes the UK’s 

liability for international transport (flights and shipping), as well as the carbon emitted 

abroad in the production of the UK’s imports. But in any event, radical as it might 

 
20 The most obvious means of offsetting emissions is by planting trees. However, such measures 

have a long time-lag, between the planting of the trees and the absorption of substantial amounts 
of CO2 from the atmosphere – typically in the order of decades. Another method is carbon capture 
and storage (CCS) – long touted as a solution by the fossil fuel industry, but yet to be 
demonstrated as a technically and economically feasible approach. A further development of that 
idea is known as BECCS – BioEnergy with Carbon Capture & Storage – in which waste materials 
from agriculture, forestry, industry and households are used as an energy feedstock, but with the 
resultant CO2 being captured and buried underground (typically in depleted oil- or gas-fields). The 
same approach can be taken where plants are specifically grown for fuel (typically, fast-growing 
species such as miscanthus grass). The basic principle is that the CO2 that has been absorbed 
from the air by the plants is permanently removed by burial, thus reducing the overall amount of 
CO2 in the atmosphere. 
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appear, that target may itself fall short of what is required. In its recommendation in 

May 2019 of a “net zero” target, the Committee on Climate Change stated that if all 

other countries adopted the same approach, there would be a 50:50 chance of the 

global climate remaining below the maximum recommended temperature rise of 1.5°C 

by the year 2100. 

In relation to that, it must be emphasised that a 1.5°C rise is now considered by climate 

science to be the threshold beyond which the world will be committed to highly 

damaging levels of climate change, including potentially unstoppable positive 

feedbacks. These feedbacks include major ice-sheet losses, large methane releases 

from permafrost, and widespread ecological damage (including for example the risk of 

the Amazon Basin turning into savannah). 

The implications of the above paragraphs bear further scrutiny. The current scientific 

consensus states that with more than a 1.5°C temperature rise, the most likely 

outcomes include huge levels of famine, flood and mass migration (i.e. making our 

current concerns about refugees crossing into Europe from North Africa look rather 

trivial). At the same time, such a temperature increase would almost certainly trigger a 

number of unstoppable positive feedbacks that would, as they continued over the 

course of decades and centuries, drastically re-shape the world’s coastlines, habitats 

and climate – and not to the benefit of the human population. 

What must also be emphasised is that these changes would not be a local phenomenon, 

which those of us in the rich world could buy our way out of, by moving to somewhere 

nice. They will affect the entire planet, in one way or another. So perhaps the best way 

to look at the situation is this: would you willingly board an aircraft whose probability 

of safely reaching its destination was only 50%? Or rather, would you willingly put 

your children or grandchildren on that flight? For all those for whom the answer is, as I 

would hope, a resounding “No!”, the inescapable consequence is the need to take the 

problem seriously, and to seek by whatever means possible – personal, community and 

political action, lobbying, or even direct protest – to strengthen government policy. 

That is what motivates the children and adults involved in the school climate strikes 

and the Extinction Rebellion protests. 

Of course, a great many emollient and reassuring commentators can be found – in the 

pages of the Daily Mail, the Daily Telegraph and others – who would seek to persuade 

us that all of the above is no more than alarmist nonsense. But ask yourself this – how 

many of them are climate scientists, or can point to peer-reviewed research to support 

their assertions? Anyone who has read this far will be unsurprised to learn that the 

answer to both of those questions is “None”. 

Routes to Decarbonisation 

Even disregarding the abovementioned limitations of the UK Government’s “net zero 

by 2050” commitment, the disturbing fact is that having willed the end, the 

Government has yet to identify – far less will – the means. What follows is of necessity 

a very brief summary of the key such measures that will need to be put into place – and 

put in place as a matter of pressing urgency. 
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PowerDown and PowerUp 

The terms PowerDown and PowerUp were first introduced in Zero Carbon Britain, a 

policy document published in 2007 by the Centre for Alternative Technology21. They 

refer to the twin strategies of reducing energy demand through efficiency 

improvements on the one hand, and increasing the supply of decarbonised energy 

(principally from renewables) on the other. Each of the following topics contains 

elements of both strategies. 

• Transport – the complete electrification of the UK rail network, as well as its 

expansion and funding to provide fast, affordable alternatives to private cars; a modal 

shift from road to rail for long-distance freight haulage, with shorter-range distribution 

and delivery by electrified trucks and vans; the electrification of the entire private 

vehicle fleet; the (re)introduction of a comprehensive network of bus routes; the 

development and promotion of safe cycling and walking routes, especially for short 

urban journeys; the dramatic reduction in air travel22. 

• Electricity – the complete decarbonisation and expansion23 of the UK’s generation 

capacity is both feasible and affordable, especially if current government 

impediments to onshore wind power are removed. Some recent offshore wind 

developments have agreed strike prices (i.e. the minimum that they can be paid) for 

their energy of less than £40 per megawatt hour – only 41% of the £97.50 being 

paid to the yet-to-be-completed Hinkley Point C nuclear station, and below the 

average wholesale market price. While nuclear energy can certainly provide reliable 

and relatively low-carbon baseload power, the cost and development timescales of 

current projects make them look increasingly impractical, especially in view of the 

speed with which decarbonisation must be achieved. 

 
21 The Centre for Alternative Technology has published series of these reports, covering all 

aspects of the problem from policy and fiscal measures, the technologies required, the changes 
needed in food, transport and the built environment, the behavioural changes that will be required, 
along with the impediments to change. All of these documents are available as free downloads 
from https://www.cat.org.uk/info-resources/zero-carbon-britain/research-reports/ 
22 The objection is often raised that this would deprive the UK’s ubiquitous “hard-working families” 

of their hard-earned foreign holidays. In reality, recent government estimates show that 70% of all 
flights are taken by only 15% of the population, with 57% of people taking no flights abroad. For 
travel within Europe, there are already fast and comfortable rail alternatives (although these are 
currently more expensive than air travel), with the potential for considerably expanding the range of 
routes and destinations. By introducing a frequent flyer tax or a “carbon passport”, the affordability 
of an annual family holiday could be maintained, while discouraging the excessive flying of the few. 
23 The further electrification of both transport and heating will necessitate a substantial increase in 

the UK’s total capacity. However, the development of decentralised local grids using small- and 
medium-scale generation such as rooftop solar, along with “vehicle-to-grid” systems (where the 
battery capacity of the country’s electric car fleet is used as temporary storage to help balance 
supply and demand on the network) can significantly reduce the challenges that this poses. 

https://www.cat.org.uk/info-resources/zero-carbon-britain/research-reports/
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• Agriculture – at present, farming is a net contributor to carbon emissions, 

accounting for around 10% of the UK total24. Only around 5% of agricultural 

greenhouse gases comes from farm machinery, while 56% is from the methane 

emitted by livestock, 33% from nitrous oxide (a potent greenhouse gas) emitted by 

by nitrate fertilisers added to fields, and a further 6% in the form of CO2 emitted by 

the soil. In order of importance, these emissions can be tackled by reduced livestock 

farming coupled with the use of animals bred to generate less methane; a more 

targeted use of nitrate fertiliser (especially where the fertiliser is injected into the 

soil rather than spread on top); the reduction in soil tillage, and a shift to (preferably 

farm-produced) biofuels to power machinery. But more significantly, the addition of 

biochar25 to soils can enhance fertility and moisture retention, as well as acting as a 

long-lasting means of sequestering carbon. In principle, such steps could ultimately 

lead to agriculture becoming a net carbon sink, rather than contributing to the UK’s 

emissions. 

• Food – while some commentators have attempted to argue that society needs to 

abandon meat products and become vegetarian or even vegan (a policy likely to 

engender considerable opposition), the reality is that a reduction in meat-eating 

coupled with an increased reliance on plant-based foods would be sufficient. Indeed, 

such a shift would have the co-benefit of greatly improving the population’s health, 

as attested to by many dietary studies. Rather than the national diet being based on 

large quantities of cheap meat, the switch to eating smaller quantities of more 

expensively-produced animal products allied to an increased reliance on grains, 

vegetables and legumes is likely to have a similarly positive effect on the health of 

the nation as did the rationing of World War 2. In the longer term, the development 

of synthetic meat – produced by the in-vitro culturing of animal cells to produce 

realistic meat substitutes – may also offer substantial benefits to both land use and 

animal welfare. 

• Heating – although challenging, there is a number of feasible approaches to 

decarbonising sources of heating. First and foremost, the thermal efficiency of the 

UK’s domestic, commercial and industrial buildings must (and can) be considerably 

improved, principally through installing insulation and draught-proofing. Not only 

would this dramatically reduce the expense of heating, it would also improve the 

comfort, health and welfare of many people, particularly the poor and the elderly. 

The cost would, in most cases, be relatively low compared with many of the other 

changes that must be made. As far as heat sources are concerned, two main 

possibilities exist: first, the use of heat-pumps, which (if appropriately designed and 

installed) can give a heat output between 3 and 4 times greater than the electrical 

 
24 It must be noted that this figure omits the CO2 and other environmental impacts of the animal 

feed and other products that are imported by UK farming – for example Brazilian soya. 
25 Biochar is a fine-grained form of charcoal, produced by pyrolysis (i.e. heating in an oxygen-poor 

environment) of biomass (typically forestry and agricultural waste materials). The process also 
produces biofuels, in both gaseous and liquid form. Modern industrial pyrolysis plants can be 
fuelled by the biogas that is generated, and can produce 3 to 9 times the amount of energy 
required to run the plant itself. 
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power consumed; second, the substitution of biogas or hydrogen26 for both domestic 

and industrial gas supplies. The use of solid biofuels (e.g. wood) can be detrimental 

to air-quality, although this can be greatly reduced with district heating schemes, 

where the capital cost of installing flue gas scrubbers is far more affordable than in 

smaller (especially domestic) installations. But perhaps most importantly, all new 

buildings – both domestic and commercial – must be built to the highest standards 

of energy efficiency, and with the least possible embodied energy27. 

Technological Interventions 

One set of interventions much favoured by those seeking to preserve the high-carbon 

status quo is the use of technological solutions such as carbon capture and storage 

(CCS) and geoengineering. These are often touted as ways of allowing the burning of 

fossil fuels to continue unhindered. While they may indeed prove necessary in decades 

to come, they are fraught with enormous cost, difficulty and risk. 

In 2012, the UK Government announced a £1 billion fund to develop power plants 

using carbon capture and storage, but cancelled it 3 years later before having made any 

awards. Although several projects have been trialled, there are serious shortcomings 

with the idea. Adding CCS to a power station reduces its efficiency considerably – on 

some estimates, by as much as 25%. At a time when offshore wind can already out-

compete fossil-fuelled electricity, there seems little prospect that CCS will become 

economic. And while it might have promise as a means of allowing the emissions-free 

production of hydrogen from fossil fuels28, it is likely to form only a relatively small 

part of the energy landscape. 

Geoengineering is another matter entirely, some of whose proposals still lie in the field 

of science fiction. Suggestions include installing giant orbiting sunshades to shield the 

Earth from a proportion of the sun’s rays; the injection of sulphate particles into the 

stratosphere to mimic the cooling effects of volcanic eruptions; increasing the coverage 

and reflectivity of marine clouds by spraying fine water droplets high into the 

atmosphere. All of these would act to reduce global temperatures by blocking or 

reflecting a proportion of the sun’s rays. However, they would not reduce levels of 

atmospheric carbon, and therefore fail to address the problems caused by ocean 

acidification. They would also be immensely costly, and carry the potentially major 

(and thus far largely unknown) risk of causing substantial changes to other aspects of 

 
26 Biogas can be generated from food, agricultural and forestry wastes, as well as produced from 

purpose-grown crops. However the use of the latter may be problematic due to the use of 
otherwise productive agricultural land. The production of hydrogen by electrolysis of water is an 
extremely effective way of making use of surplus electricity, particularly from wind power, in 
periods of low demand such as during the night. 

27 “Embodied energy” refers to the energy used (or more specifically, the carbon emitted) in the 

manufacture of the products and materials used in construction. 
28 At present, most commercial hydrogen production uses methane from natural gas supplies, 

which is reacted under pressure with high-temperature steam in the presence of a catalyst, to 
produce hydrogen, carbon monoxide and carbon dioxide. The former two can be used as fuels, 
while the third is a waste product. 
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the Earth’s climate systems, including alterations to weather patterns and rainfall 

distribution. 

Other suggestions involve directly removing carbon from the atmosphere, including 

the construction of machines to absorb it from the air. However, to remove significant 

amounts of a gas that exists at a few hundred parts per million would involve 

processing almost unimaginable quantities of air in order to have a significant effect. 

More promising approaches involve the harnessing of existing biological systems, such 

as by fertilising the oceans with iron to promote carbon absorption by plankton. 

However, this too may carry unforeseen consequences and risks. 

The least hazardous option has already been mentioned, namely the planting of large 

numbers of trees, particularly in temperate and tropical regions29. As already noted, 

however, this too has its limitations, due to the time-lag between planting the trees and 

their absorption of significant amounts of atmospheric carbon. It also requires that the 

carbon that they absorb is not subsequently returned back to the air when the trees die 

and decay, requiring the long-term management and preservation of those forests. 

However, urban tree-planting can have immediate beneficial effects on local air quality 

and temperature. 

More generally, the “rewilding” of landscapes is an approach that has significant and 

faster-acting benefits, as undisturbed soil stores far more carbon than do cultivated 

fields. In addition, it is vital to protect and expand landscapes that already sequester 

carbon – for example permanent meadows, peat bogs and coastal ecosystems such as 

seagrass meadows, tidal marshes and mangrove forests. 

Fiscal Policy 

In order to reach net zero carbon, a substantial and progressively increasing price will 

almost certainly have to be placed on carbon. Particularly for those on low incomes, 

this can be an extremely regressive form of taxation. In order to prevent such a policy 

from pushing people deeper into debt and fuel poverty, as well as restricting their 

mobility, the parallel introduction of equal per-capita emissions credits at an 

appropriate level can both maintain or increase the affordability of carbon-based heat 

and fuel for the less well off, as well as providing a tradable asset where any surplus 

can be sold on the open market to those willing and able to pay for a greater amount. 

Beyond that, many other fiscal measures have been proposed, including replacing 

many other forms of taxation – especially VAT – with a carbon tax. In other words, a 

fiscal policy of taxing “bads” rather than “goods” can lead to a virtuous cycle, while 

maintaining revenue to finance the country’s continued pathway towards zero carbon 

along with other necessary services. 

 
29 Boreal forests (also known as Taiga) grow in regions that are normally snow-covered for much 

of the year. Although these forests also absorb carbon from the air, they tend to increase local 
temperatures by absorbing greater quantities of the sun’s heat than do open, treeless snowfields. 
In consequence, expanding the areas covered by boreal forest may prove less effective or even 
counterproductive, compared to increasing the land area covered by temperate and tropical 
forests. 
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Afterword 

The aim of this document was to place the student climate protests and the actions of 

Extinction Rebellion into a scientifically-rooted and objective framework. At the same 

time, the intention was to do so, insofar as possible, within a non-partisan and non-

party-political framework. Clearly this is not entirely possible, particularly in relation 

to neoliberal and free-market thinking, as seen in the Climate & Conspiracy section 

above. However, as especially clearly demonstrated by the work of Nicholas Stern, 

climate change can be seen as representing the most monumental of market failures. 

Thus, in relation to free-market economic thinking, Adam Smith’s “invisible hand” 

appears to have failed utterly to channel self-interest towards socially – or rather, in the 

present circumstances – environmentally desirable ends. And as further argued by 

Stern, the costs of intervening in the market are dwarfed by the costs of failing to act. 

In any event, the issue is not only a practical and an economic one. At root, it 

represents one of the most pressing moral challenges human society has ever faced. 

Rather than demanding to know what right the protestors have to seek to infringe the 

freedoms of the current generation, the question being asked by the protestors is what 

right the present generation has to infringe not only the freedoms, but also the very life 

chances of all future generations. It is against that question that our own actions will 

ultimately be judged. 
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