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It is 1998; we are at the ancient coastal site of Poliochne, said by some to be Europe’s oldest 

democracy; we remember Homeric descriptions of ships taking warriors to battle, and we look across 

the sea towards Troy. We realise that this town, Poliochne, existed more than a thousand years before 

the Trojan wars happened2. We ponder the continuity of human settlement, effort, civilisation and 

culture. We discuss how much was made possible by the stability of coastlines. Ancient peoples stood 

where we are standing, facing their destiny and getting on with building their lives, without fear that 

rising tides would sweep their stone city away. We, humanity, are the beneficiaries of those thousands 

of years of global coastal stability, and the building, learning and continuity it has allowed. Can we 

offer our descendants anything like this? Are we willing to try? 

Faced with accelerating global impacts of Climate Change, this article shows how our planet and 

human civilisation can still win back the chance of surviving and thriving.   The strategy applies 

immediate climate repair measures: very rapid progress to net zero global emissions, additional 

reduction of the volume of atmospheric greenhouse gases, and halting the heating of the Earth and 

its oceans. ‘Climate repair’ will refreeze Earth’s poles and the glaciers of the Himalayas, stabilise sea-

level and break feedback loops that relentlessly accelerate global warming. Net zero emissions exist 

as a target for about 70% of the world’s economies, over a range of timescales, offering an important 

starting point for climate repair; but emissions reductions must become more rapid than current 

proposals3, and combined with speedy expansion of carbon sinks to create negative growth of 

atmospheric GHGs. ‘Net-zero’ alone is insufficient: net-negative emissions will provide foundations 

for shifting current dangerous GHGs back towards pre-industrial levels that underpinned stable, 

hospitable climate patterns for millennia.  

Climate Repair offers a scalable, safe recipe for future climate stability. It comprises: 1. Deep and rapid 

emissions reduction; 2. Creation of new greenhouse gas sinks (capture and sequestration of carbon 

                                                      
1 This article is based Sir David King’s speech of 12th November 2020: the Coventry Lord Mayor’s Peace Lecture 
2020, entitled ‘Climate change our common future: the challenge and the way forward’. 
2 The earliest stone wall ruins of the houses and streets at Poliochne date from around 3200 BCE, probably 
before the foundation of Troy (Kyriakopoulou, 2012). The Trojan wars were just before 1000 BCE; the ancient 
Turkish site at Hissarlik is thought to be ancient Troy’s location. 
3 In 2019 the amount of CO2 equivalent gases in the atmosphere increased by 55 Gt – and that figure is 
growing each year, heading towards 80 Gt CO2 equivalent per year by 2050 (The World Counts, 2021). If global 
net zero were to be achieved by 2050 (exceeding current ambitions) it is estimated that the final level of CO2 
equivalent greenhouse gases will have risen to 550 parts per million – implying global warming of well over 2 
degrees  above pre-industrial level. 
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and methane) to restore atmospheric GHGs to 350 ppm (parts per million) CO2 equivalent - a fall of 

150 ppm - by 2100; 3. Re-freezing the poles in order to repair parts of the climate system that have 

passed tipping points (including the Himalayas); and 4. Promotion of agile political and investment 

responses. Each item of this strategy is vital for our future. 

Climate change, driven by global warming, has already brought such extreme events, felt so widely 

across the world, that few can ignore it, or deny its significance4; yet policy positions and interventions 

show global warming is still underestimated, or misunderstood. This article highlights the realities, 

especially the impacts of rapid sea level rise and storms at sea5. It looks at insights gained from taking 

an insurer’s perspective - understanding the implications of ‘worst-case’ scenarios, and the statistical 

probability of their occurrence, rather than focussing on ‘most probable’ future outcomes. By 

combining up-to-date information about sea-level rise with a risk-analysis of its impacts, we show the 

intense, immediate action unarguably required. 

Although things are very challenging, and potential impacts on human civilisation devastating, a 

systematic series of interventions can rescue us all.  Here we show that a coherent, timely strategy at 

scale can avoid the worst outcomes. The importance of building a comprehensive climate repair 

approach, on top of the current momentum for net-zero emissions, is explained, and two promising 

climate repair ideas are explored: promoting ocean pasture in the oceans, and re-freezing the poles.  

It is important to understand how bad things are, but no one should bury their heads in the sand in 

despair; concerted action right now at all levels of global society and governance will enable the planet 

to stabilise, and humanity to thrive.  Much can be gained from rational evaluation of risks, and a 

curious and positive exploration of possible solutions.  As well as the technical ideas outlined, we look 

at the need for new economic values and norms.  Traditional consumerism amongst middle class 

citizens of the world requires serious modification; this is not a prescription for worsening how people 

live. Work, leisure, health and economic well-being can be available to all, if the right ground rules are 

developed, and an inclusive approach to solving global challenges is consistently adopted6.  

                                                      
4 This is in spite of ‘Climate Denial’ being ‘arguably the most well-funded, most organised PR campaign  in 

history’ (The Observer Interview: Climate Change, 27th February 2021).  Koch Family Foundations alone spent 
over $145 billion between 1986 and 2018, financing over 90 groups who attack climate change science and 
policy solutions. See the data sources set out at https://www.greenpeace.org/usa/ending-the-climate-
crisis/climate-deniers/koch-industries/. Meanwhile, the oil industry in the USA seeks to position itself as a 
solution on environmental issues.  Over the last three decades or so, five oil companies have spent at least 
$3.6 billion on advertisements, managing their image in spite of clear links between fossil fuel consumption 
and climate change  (The Guardian, 8th January 2020).  
5 As the temperature of sea water rises in response to climate change, storms around the world are becoming 
more severe. Those storms that gather momentum over oceans – such as hurricanes and typhoons – pick up 
increased levels of energy from warmer water (Knutson et al., 2019, 2020). By the time they make land-fall 
these storms are now more violent (as well as more frequent) than humans have been accustomed to. The 
combination of storms and sea-level rise intensifies flooding risk. 
6 Some of the implied changes, such as reduced consumption of red meat, reduced reliance on motor vehicles 
and creation of more liveable urban spaces actually have potential to improve quality and length of life. 

https://www.greenpeace.org/usa/ending-the-climate-crisis/climate-deniers/koch-industries/
https://www.greenpeace.org/usa/ending-the-climate-crisis/climate-deniers/koch-industries/
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The science – how did we get here? 

 

 

 

 

 

 

 

 

 

 

 

 

The key elements of the science of climate change were settled in the 19th Century, built from a purely 

theoretical understanding, and moving to planet-scale calculations, all before the turn of the 20th 

Century. Analysis showed that a doubling of atmospheric CO2 – or the equivalent in all other 

Greenhouse Gases (GHGs)7 – would lead to a dangerous rise in the surface temperature of the planet.  

GHGs are currently just below that level, and the predicted dangers are playing out.  

Figure 1 shows the rise of CO2 – and, more importantly, combined GHGs as a CO2 equivalent - in the 

earth’s atmosphere over the last few hundred years8. The accelerating rise from about 1950 onwards 

is clear. The left-hand vertical axis in Figure 1 is a scale for both CO2 ppm and CO2-equivalent GHGs 

ppm. The black line shows CO2 equivalent GHGs from 1700 to 2020. The current level is about 500 

ppm. The blue line, by contrast, measures only C02 itself, showing a current level of about 415 ppm – 

demonstrating how easily the effects of emissions can be underestimated if only CO2 is counted. The 

right-hand vertical index in Figure 1 gives a scale for the Annual Greenhouse Gas Index (AGGI)9. This 

                                                      
7 As the 19th Century science revealed, there are several greenhouse gases.  CO2 is the largest by volume, but 
methane, nitrous oxide and water vapour are also important. To understand atmospheric warming effects at 
any point - its direct radiative forcing action - focus must be on all GHGs. The aggregate impact of all GHGs can 
be given as a ‘CO2 equivalent’ figure – as if only CO2 was at play. The calculation of CO2 equivalence of other 
GHGs is explained in the IPCC Special Report on keeping within a 1.5 degree temperature rise (2019, p. 66). 
8 These are measured readings, not derived from theoretical modelling, but taken from various historical 
sources – ice cores, tree rings and other natural records; these enable accurate measurement and dating, 
creating a continuous historical record.  
9 NOAA’s Annual Greenhouse Gas Index - AGGI - is ‘a measure of the climate-warming influence of long-lived 

trace gases and how that influence has changed since the onset of the industrial revolution. The index was 
designed to enhance the connection between scientists and society by providing a normalized standard that 
can be easily understood and followed. The warming influence of long-lived greenhouse gases is well 
understood by scientists and has been reported by NOAA through a range of national and international 
assessments. Nevertheless, the language of scientists often eludes policy makers, educators, and the general 
public. This index is designed to help bridge that gap. The AGGI provides a way for this warming influence to be 
presented as a simple index’ (Butler & Montzka, 2020, Introduction to AGGI). 

Figure 1: CO2 and CO2 equivalent atmospheric levels, and Annual Greenhouse 
Gas Index, from 1700 to the Present Day (Source: www.esrl.noaa.gov/gmd/aggi/aggi.html) 
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measures the total direct radiative forcing of the atmosphere, comparing levels with a baseline set at 

1 in 1990, the baseline year for the Kyoto Protocol under the UNFCCC (United Nations, 1992, 2008). 

Agreement between the AGGI readings and the CO2 equivalence readings is clearly strong, affirming 

the greater accuracy of aggregated GHGs rather than CO2 alone as a predictor of heating effects. This 

article refers throughout to GHG’s, encompassing CO2 emissions plus all other greenhouse gases, 

giving their total impact as a CO2 equivalent. 

Explicit targets under international agreements have, since the 2015 Paris Agreement, been set to 

limit CO2 in the atmosphere to 450 ppm10; that is reckoned to equate to global average heating of 

less than 1.5C.  If proper account is taken of all GHGs, and their CO2 equivalence, the 450 ppm 

threshold has already passed, contradicting the widespread notion of a ‘carbon budget’ that could still 

be spent whilst remaining below 1.5C temperature rise11. Immediate rapid reduction of GHGs is 

needed, plus equally rapid creation of carbon sinks around the world, so as to achieve global net-zero 

emissions as soon as possible – followed by continued efforts, using all available sustainable means, 

to reduce GHGs in the atmosphere to about 350 ppm by the end of this century. 

What is the way forward for rapid emissions reductions? 

The largest contributors to CO2 emissions are the burning of fossil fuels (coal, oil and gas) and the 

removal of forests across the globe. Other contributors, especially relating to methane, are ‘fugitive 

emissions’ from fossil fuel production, farming, thawing of permafrost, and loss of habitat such as 

wetlands and mangrove forests.  

Fossil fuel emissions can be reduced to zero through energy migration to renewable (and nuclear) 

energy sources. Land use and farming emissions can be reduced with attention to demand, 

particularly for beef, soya and palm oil; careful selection of land for farm production; deliberate 

reforesting of many areas alongside climate-friendly farming techniques; and afforestation of areas 

where farming is not required. The thawing of permafrost and its consequential emissions of methane 

can be addressed only by direct cooling measures: the approach is designed to buy time until the rate 

of permafrost-thaw and ice-melt is automatically slowed down by emissions disappearance, adapted 

farming methods and GHG removal at scale. All of these transitions and changes demand policy 

interventions to kick-start new market preferences, or to reward desired behaviours, or to discourage 

undesirable outcomes. Many technical solutions already exist, but political (and societal) will is 

required to push them through. 

Policy responses to increasingly alarming effects of climate change have deepened and spread more 

widely throughout the world in the last few years, and are beginning to promote energy migration 

and adapted land-use.  Additional interventions for cooling are not yet being mobilised. Although the 

                                                      
10 The Paris Agreement, at Article 2 1. (a), commits to ‘pursuing efforts’ to limit temperature rise to 1.5C 
(United Nations, 2015). The Fourth Assessment Report of the IPCC showed the need for stabilisation at  no 
more than 450 ppm to meet that target (IPCC, 2007); but in 2013 arguments for a lower limit predicted the 
problems of allowing GHGs to reach more than 350 ppm, many of which are with us already (Hansen et al., 
2013). 
11 This idea of a remaining ‘Carbon Budget’ is explained in detail in the IPCC Special Report on Global Warming 
of 1.5C (2019). The reasons that IPCC predictions and calculations can lag behind more accurate predictions is 
explained in our section on sea-level rise and ice melt. Carbon Budgets is also an area in which academic 
caution and long lead-time to publication have resulted in a problem being underestimated. There is no 
‘remaining carbon budget’, even though it was calculated with ‘medium confidence’ for the IPCC report (IPCC 
Special Report - Summary for Policymakers, 2019, p. 12, paragraph C.1.3). 
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rate of change is not fast enough, it is worth reviewing what has been done, and the commitments 

made. 

In about 2001 the UK began a concerted initiative to take a global lead on climate change issues, 

including the appointment of 165 climate attachés, creating teams of dedicated experts linked to 

diplomatic missions in British Embassies around the world (Boswell & Rodrigues, 2016, pp. 20 and 21). 

Thus the links between climate science, policy and international diplomacy became more explicit. By 

2015 the Paris Agreement offered a chance for harnessing commitments of willing governments: each 

country made a Nationally Determined Contribution (NDC) to reducing global emissions, creating new 

carbon sinks, and to adapting to climate change impacts already in the pipeline.  In order to slow 

down, stop or reverse climate changes, the focus was on reversing the drivers of the changes: re-

foresting and afforesting, energy migration to renewables, energy efficiency measures and farming 

adjustments were all represented in various ways in NDCs of participating nations. 

Energy consumption continues to rise across the globe, year by year. Efforts to limit energy 

consumption and its impacts focus primarily on shifting away from fossil fuels, towards renewable 

energy sources. These efforts have had an impact – the situation would be worse without them.  

However, changes are happening too slowly, and energy conservation measures are constantly out-

ranked by rising demands for new uses of energy and the (welcome) rapid expansion of the global 

middle class.  Thus energy-related GHGs continue to rise as energy demands continue to increase. 

Figure 2 shows this clearly, encapsulating the challenge today. 

 

 

 

The black Baseline curve in Figure 2 is an important reminder that the current policy trajectory, shown 

in yellow, below the black curve, has made a difference: without these efforts the world would be 

emitting 57 Gt of GHG per year, and that has been reduced to around 54 Gt. Even though there is 

frustration at how difficult it is to get the world to act quickly and effectively on this existential 

challenge, it is worth remembering that history has already been rewritten, thanks to a range of 

Figure 2: Annual GHG Gt emissions: Comparison of Baseline ‘No Action to Reduce GHGs’ 

Pathway with various alternative Pathways including ‘Current Policy Trajectory’  
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interventions - from global agreement, through to school children striking, and with the aid of 

important technological innovations prompted by environmental concerns. 

The purple curve in Figure 2, with its shaded breadth, shows the range of emissions considered 

permissible between 2020 and 2050, to steer the planet towards the limit of 1.5C. The sharp and 

steady fall in emissions that will deliver this change (falling to about 36 Gt by 2030, below 20 Gt by 

2040 and into single figures before 2050) is very different from currently predicted emissions, even if 

all countries deliver on their NDCs, shown in brown (unconditional) and green (conditional on 

international support for proposals from poorer countries).  

Why is it so difficult? 

Increased demand for energy comes partly from the increase in global population. But more significant 

is the unfolding exponential rise in middle-class numbers, defined as those with a disposable income 

of between US$10 and US$100 a day. Middle class lives demand ever-increasing resources. Food 

preferences change; housing, mobility, leisure activities and consumable goods are all part of the new 

lifestyle.  Europeans and North Americans have been high consumers for many decades.  As other 

parts of the world succeed in their efforts for economic development, these consumer patterns spread 

across the world. Over 80% of ‘new’ members of the middle class are in the Asia-Pacific region, 

expected to rise there from 1.38 billion in 2015 to 3.49 billion people by 2030 (Szmigiera, 2021).   

The growth in middle class consumption signals successful development: more people are living 

longer, enjoying more leisure time, escaping lives of drudgery and marginal survival, and experiencing 

the satisfaction of making life-style choices. Problems of climate change cannot be addressed by 

excluding people from these sources of human well-being and aspiration. Crucially, though, human 

well-being, as currently understood, in itself accelerates climate change – threatening the gains in 

well-being that were made over the 20th and early 21stCenturies.  

The economic and industrial model of the 20th century, with its foundations of throw-away 

consumerism built on fossil fuel energy, has to change everywhere. This means energy must be wholly 

derived from renewable sources; and consumerism must transition towards a circular economy – 

radically reducing demand for resources that depletes the planet, with waste as a constant logistical 

challenge to climate-friendly land management12. 

There is very little waste in a circular economy, and the implied preservation of components, goods 

and materials directly reduces energy requirements for converting raw materials into usable 

components. Much has been written about the idea of a circular economy13. It is clear that policy 

interventions will be required to steer economies in that direction, but the right interventions will 

secure durability by design, and circularity will be a new norm in domestic consumption. The 

arguments in this article focus mainly on energy sources and climate repair, but it must be recognised 

that the circular economy is another important piece in the jigsaw for preserving and spreading good-

quality, desirable life-styles.  

These ideas, about energy sources and demand, resource consumption and throw-away economies, 

offer insights into why it has proved difficult to make the required GHG reductions. Without planned 

                                                      
12 Waste management is a serious threat to land management, to habitat preservation and to biodiversity, 
across the globe, especially in marine environments. See for example the ASEAN – EU gap analysis of a circular 
economy and plastics (2019). 
13 See for example ‘Redefining Growth in the Twenty-First Century’ (Stuchtey et al., 2016) 
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alternatives, the choice seems to be between good living plus ever-increasing emissions – or the kind 

of lifestyle that no one wants to be consigned to, where life is tough, and modern conveniences are 

eroded for those who have them, and beyond the reach of those who don’t yet have access. 

What is the current global ambition? 

Climate change management is a solvable scientific challenge.  Some solutions are more advanced or 

more affordable than others – barriers to rapid progress lie in policy and international diplomacy. 

Domestic policy has been driven by popularity, short-term goals in line with election cycles, or the 

pressures of vested interests.  However, in spite of the inertia these generate, commitments are 

accelerating. The UK since 2017, and the EU since 2019, have committed to ‘net-zero’ emissions by 

205014. The reduction of emissions (plus the increase in creation of GHG sinks) required to achieve 

this have not been put in place sufficiently rapidly; but the declarations impose new pressure to make 

the commitments real and material. The USA has rejoined the conversation following election of the 

Biden administration, and has also committed to zero emissions by 2050, adding impetus to 

arguments for effective action from the economies of the developed North, where current lifestyles 

are unsustainable by any measure15. 

China, particularly, and also India, are shifting their ground in relation to emissions, further raising 

hopes for the world. If these two massively populous countries, with over a third of the global 

population, successfully work with the EU, the UK and the USA towards sustainable consumption 

patterns, then the impact is immediate and significant. One reason for Chinese commitment to a 

decisive energy transition, leaving coal and gas behind, is the tumbling cost of renewable energy 

sources, compared with fossil fuel sources.  This removes a barrier – and an argument about global 

equity – from the development process of China itself, and other emerging economies.   

Over the last decade, the cost of photovoltaics has fallen continuously, as has the cost of wind-

produced energy, as shown in Box 1.  Photovoltaics are now competitively mass-produced at high 

quality, and technology for wind-energy production has become more refined. There is no longer an 

overwhelming economic pressure to build new coal-fired power stations to meet affordable demands 

for energy; instead new power generation capacity across the world has shifted decisively and 

permanently towards renewables.16 

                                                      
14  ‘Net zero’ means that ‘…almost all remaining anthropogenic CO2 emissions are compensated by an equal 
rate of anthropogenic carbon dioxide removal’. The need for net zero arises because the processes that 
remove CO2 permanently from the climate system are so slow that reducing the rate of GHG-induced warming 
to zero demands net zero global anthropogenic GHG emissions (Cross-Chapter Box 2, IPCC Special Report, 
Allen et al., 2019, pp. 66–67).  
15 In April 2021 Biden committed the USA to halving CO2 emissions by 2030 and net zero by ‘no later than 
2050’ (NBC Bulletin, April 2021). 
16 Often there are domestic structural reasons why the true costs of energy production are not brought to bear 
in national energy policy. In India, and Indonesia, for example, domestic subsidies for coal are retained, making 
it difficult for renewables to take up the new energy demand. In both countries’ energy policies there are on-
going commitments to building new coal-fired power stations out to the end of the century. These are 
amongst the many challenges still faced in a bid to reach the climate-safe goal of net zero-emissions in the 
next 25 to 30 years. India’s National Integrated Energy Policy of 2006 asks for a 25% reduction in ‘energy 
intensity’ – meaning that there is no intended reduction in energy emissions.  India’s draft energy policy of 
reaffirms mid-term ramping up of fossil fuel – including coal – dependency, whilst also greatly increasing 
renewable generation.  Integrating renewables into the grid is not straight forward, adding to the structural 
pressures to extend the programme for coal-fired energy generation – Acharya (2020). 
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The risk assessment approach 

Against the cost-favourable background for renewable energy, some of the costly risks of not doing 

enough are more easily recognised. If an actuarial approach is taken – scrutinising the most severe 

risks posed by climate change (even if they are relatively remote), rather than fixing on the most likely 

risks – an assessment is sobering.   

For example, catastrophic failure of the rice crop in China and the South East Asian region is a major 

consideration. Currently the risk of crop failure is low: but rises in global temperature increase the risk 

by up to 5% with each background step of 0.5C increase. The risk assessment, led by the UK and carried 

out with China and India as an exercise in 2014/15, supported a distinct shift in China’s perception of 

the urgency of the situation (King et al., 2015). Since a failed rice crop would threaten the whole 

world’s food supply and therefore the entire global economy, it should be a concern for all nations17. 

This outcome is not yet probable, but even a 10% chance of such a catastrophe would be a risk beyond 

the willingness of any insurers to cover – and that becomes the level of risk if temperature rises by a 

further 1C18.  

Where are we now in the global agreement? 

The Paris Agreement in 2016 built on all of these insights, and represented a truly pragmatic effort to 

pull together three dimensions of the climate change challenge. Firstly, it set the long-term goal 

against which all countries could measure their policies and progress: to limit average global 

temperature rise to 1.5C above pre-industrial levels; 1.5C was acknowledged as the absolute limit at 

which, for example, human life might remain sustainable on the small island states whose future is 

threatened by sea-level rise.  The small island states had formed a coalition of voices in the run up to 

the Paris negotiations, and their point was clearly and successfully made19.   

                                                      
17 Climate Change: A Risk Assessment (2015) was produced through interactive workshops involving the 
insurance industry, the military and senior policy makers in UK, USA, China and India (King et al., 2015). 
18 The finance industry takes an increasingly clear-sighted view of the risks of inaction versus the manageable 
costs of action to prevent catastrophe. The Swiss Re Institute publication ‘The Economics of Climate Change’ is 
sub-titled ‘No action is not an option’, for reasons that are clearly argued within the report (2021). 
19 The Alliance of Small Island States (AOSIS) is a negotiating bloc made up of small-island and low-lying coastal 

states.  They spoke with one voice, advocating for strong action in the face of climate change, in spite of their 
wide range of geophysical and economic differences. AOSIS played a prominent role in the Paris Agreement 
negotiations and won support as they argued for a moral approach to climate change and its uneven impacts 
around the world (Burkett, 2015; Ourbak & Magnan, 2018). The Paris Agreement, and the Adoption of the 
Paris Agreement, each contain explicit references to the position of Small Island States in several Articles or 
Paragraphs. Notably, a 12-member expert-based committee is charged with responsibility for facilitating 
implementation of the Paris Agreement, and one seat on that committee is reserved for the small island states 
(FCCC Adoption of the Paris Agreement - Decisions to Give Effect to the Agreement: Facilitating 
Implementation and Compliance, Clause 103, Conference of the Parties, 2015, p. 14). An important element of 
the Paris Agreement was the introduction of efforts to limit global temperature rise to 1.5C. Before Paris, at 
their 27th Post Forum Meeting of the Small Island States the focus was on the consequences of a 2.0C rise – 
and the reality that member island states would physically lose all their territory, either through permanent 
inundation and submersion or through increasingly severe flooding and destruction by storms.  The Maldives, 
the Marshall Islands, Fiji, parts of Papua New Guinea, and so on, would cease to exist as habitable territories.  
The loss of entire nation states to natural disaster was a compelling moral argument for seeking to limit the 
rate and extent of the threat. In reality the threat is also severe for island nations such as the United Kingdom, 
where many parts of the country including London and much of the East of England will become uninhabitable 
with a 2.0C change. And across the whole world coastal cities are under threat: from Florida to New Orleans in 
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Secondly, the Paris Agreement described a target pathway for CO2 or GHG emissions: ‘global peaking 

of greenhouse gas emissions as soon as possible […] and rapid reductions thereafter’20.  This would 

require a balance to be struck between emissions and creation of new carbon sinks – with the net 

effect being measured21. Each country was to submit its own NDCs explaining how they would reduce 

emissions, increase sinks, and manage the already-unavoidable impacts of climate change22. 

Thirdly, the Paris Agreement established a mechanism for evaluating the cumulative impact of NDC’s 

and reporting against the 1.5C/2.0C target. Countries committed to updating their NDCs every five 

years in order to ensure that the world achieved the target. This stocktake of global progress enables 

the real impacts of climate change to be observed against national and international efforts at 

mitigation23. 

UNFCCC processes, including those under the Paris Agreement, are advised by scientific reports of the 

IPCC, an international advisory committee upholding the most rigorous standards of peer-reviewed 

scientific reporting and publishing on climate change. This rigour brings certain time lags: IPCC reports 

take several years to produce, and they rely only on peer-reviewed scientific findings published in 

reputable journals; those findings will already be several years old when published, meaning that IPCC 

reports are grounded in findings that will be five or even ten years old by the time the IPCC report is 

published.  The IPCC, bound by its own protocols, asks ‘what will happen, with a high degree of 

certainty?’ and not ‘What could realistically happen?’ – a rather more useful question (Englander, 

2021, pp. 48–49). It is now well documented that IPCC assessments have tended to under-predict the 

impacts of human-caused climate warming24. As scientific knowledge has grown between successive 

IPCC reports, it has also become clear that climate change is causing faster and more widespread 

destabilisation of ice sheets than was previously thought possible, and an acceleration of sea level rise 

is now observable. The IPCC projections of future sea level rise have been repeatedly ramped up – 

both in terms of the most likely levels of future sea levels and the upper estimates of what could be 

possible (IPCC Special Report on Ocean and Cryosphere 2019). 

The upshot is that the clear ‘emissions gap’ between current NDCs and what is needed to stay below 

a 1.5C temperature rise is greater than recognised in the IPCC ‘Special Report’ of 2019 intended to 

address this question. The current shift in global emissions is not sufficient to avoid global disaster, 

and there is no ‘remaining Carbon Budget’, in spite of the IPCC’s assertions. The next round of NDCs 

will have to add up to ‘net zero’ emissions for the world by 2050, with many countries achieving net 

                                                      
the USA, to much of Indonesia, including Jakarta, sea level rise is the most immediate and extensive threat to 
humanity.  
20 These words come from Article 4 1. of the Paris Agreement, in which the process of reducing emissions in 
developing countries was recognised as being slower than for richer nations (United Nations, 2015, p. 4). 
21 Carbon sinks are natural features of the planet, locking carbon in, so it cannot contribute to atmospheric 
changes.  For example, forests are carbon sinks: if more trees are planted, more carbon is captured.   
22 See Paragraph 2(b) of the Paris Agreement, and Clauses 12 to 21 of its UNFCCC Adoption Agreement 
23 See Article 4 of the Paris Agreement and Part II of its UNFCCC Adoption Agreement. 
24 See, for example, the review of scientific predictions when compared with actual outcomes; there is a 
discernible tendency for scientists to be conservative in their predictions – and not to be alarmists as has 
frequently been suggested (Brysse et al., 2013). Similarly, ‘significant sea level rise contributions from Antarctic 
ice sheet mass loss (very high confidence), which earlier reports did not expect to manifest this century, are 
already being observed (Section 1.4, IPCC Special Report on Ocean and Cryosphere, 2019).  
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zero even earlier; and even then, the further efforts outlined in this article for climate repair will be 

essential if human civilisation is to be given a chance. Figure 2 shows this clearly. 

Governments have taken important steps to kick-start markets in the post fossil-fuel era.  Germany’s 

leadership in offering feed-in tariffs to bring photovoltaics to the mainstream is especially notable in 

moving electricity production and use. The intervention created demand, and triggered photovoltaic 

manufacturing at scale, leading to rapid, dramatic, falls in price; also a 95% cost-decrease for LEDs that 

replace high-energy lightbulbs has followed. Land-based and off-shore wind energy is now 

competitive with other sources, and 90% of new energy production across the world is now 

renewable. By 2025 green sources will be the world’s largest electricity suppliers, generating many 

new economic opportunities across the world, as outlined in Box 1, below (text in blue). 

However, only a fifth of energy emissions arise from electricity production. Cars, aeroplanes and other 

vehicles were mainly dependent on fossil fuels in 2015, at the time of the Paris Agreement.  A massive 

research effort was needed to reduce this. Mission Innovation, launched at the Paris meeting 

alongside the Paris Agreement, is a high-profile initiative, strengthening public funding for clean 

energy research and development. Just as the Paris Agreement supports a regulatory framework for 

emissions reduction, Mission Innovation provides public funding for research and development of new 

technologies for energy transition to renewables across all platforms.  Mission Innovation secured 

promises totalling USD 30 billion per annum by 2020.  In the event, USD 23 billion was spent in 2020, 

with the shortfall caused by a reduced contribution from the USA.  At the Ministerial Meeting for 

Mission Innovation in 2020  the spending commitment was raised to USD 40 billion per year. 24 

governments plus the EU make up the 25 participating members of this voluntary Mission Innovation 

agreement representing together about 80% of global GDP (Mission Innovation, 2021a, 2021b). 

Prompted by Mission Innovation, 29 private investors pledged a further USD 2 billion for development 

of solutions in a Breakthrough Energy Coalition; their funds currently stand at USD 1 billion. 

Investment from Mission Innovation and the Breakthrough Energy Coalition is exploring disruptive 

ideas for accelerating energy transitions. Technical innovations are available or in the pipeline; some 

are already being adopted on wider scales.  Electric cars are entering the main stream, with sales of 

petrol and diesel cars to be banned in the UK from 2030.  Air travel is being tackled in imaginative 

ways as well: futuristic airships, relying on lighter than air gases for lift, and solar powered electric 

engines for movement, are one example under development25; in a more conventional way, British 

Airways has invested in LanzaJet, with a view to buying sustainable aviation fuel from them as soon as 

scalable supplies become available (Keating, 2021). 

However, even if all of the innovations are taken up, and even if early targets for net-zero emissions 

are achieved, problems remain.  The looming challenge is melting ice in the Arctic, Antarctic and 

Himalayas, and the consequential acceleration of sea-level rise – all explained in Box 2. Climate repair 

will be needed to close the gap. 

  

                                                      
25 See for example Hybrid Air Vehicles, discussed in The Engineer in April 2021 (Excell, 2021). 
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Box 1: Economic opportunities in new energy markets 

The economic opportunities of the energy transition are considerable: in the UK over 200,000 

people are employed in the low carbon and renewable energy economy, which has an 

estimated turnover of £42.6 billion (Office for National Statistics, UK, 2019). Numbers 

employed in wind energy industries are growing exponentially: from 36,000 in 2013, to over 

82,000 by 2018, and continuing (Statista, 2020). Over 26,000 people are employed in off-

shore wind, where much technical construction for the hostile North Sea has transferred from 

the oil industry, helping to make an energy transition viable (UK employment data). By 2026 

the offshore wind industry will employ 70,000 people, and will have attracted £60 billion of 

private investment (Offshore Wind Industry Council, 2021). 

Globally, job creation in renewable energy industries is growing rapidly. In 2018 there were 

.about 11 million people employed worldwide (almost a million more than in 2017), of whom 

a third are women (‘Key Numbers’, Renewable Energy and Jobs, IRENA, 2018, p. 4).   

Economic viability of renewable energy sources has transformed in the last decade or so. As 

technology matures and becomes more reliable, it also gets cheaper.  Figure Box1.1 shows 

the rapidly declining costs of production for different clean energy technologies: 

photovoltaics (PV) and concentrated solar power (CSP) in yellow, and wind-generated power 

in blue and grey. The solar costs have declined dramatically from around 0.35 USD per 

kilowatt hour in 2010 to as little as 0.05 USD by 2020, and costs are still falling.   

 

 

Market forces cannot direct the whole global response to climate change. However, market 

powers, if nudged and harnessed with intention, are producing dynamic changes that 

complement government intervention and regulation.   

Figure Box1.1: Falling costs for Clean Energy Technologies Source: IRENA (2020) 
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The urgent need for Climate Repair: Refreezing the Arctic 

The rapid reduction of Arctic ice-volume over the last 40 years, explained in Box 2, has implications 

well beyond the polar regions, accelerating sea-level rise across the globe over mere decades as ice is 

lost from Greenland26.  Temperature rise in the polar regions is more than double the current 

planetary average of 1.1C – 1.2C; the Arctic Circle region had a more than 3.5C rise last summer (2020). 

As sea-ice melts, its highly reflective white surface is replaced by a highly heat-absorbing blue surface 

(sea water). The switch from reflection to absorption of sunlight accelerates local temperature rises, 

creating a dangerous feedback that accelerates climate change: the increase in ocean-absorption of 

the sun’s energy in itself accelerates long-term heating of oceans, pushing global warming further and 

faster. 

  

                                                      
26 Sea level rise can actually be expected to surge from 2025 as an existing astronomical downward pressure 
from 2015 to the present, exerted by a 19 year lunar cycle, comes to an end (Englander, 2021, p. 48).  
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Box 2: Sea Level Rise, Ice Melt on Land and in the Oceans 

Ice floating on water (icebergs; frozen seas in the Arctic) does not raise water levels as it melts.  

Like an ice cube in a drink, it displaces the same water-volume as it creates on melting. Global 

warming, 90% of which is absorbed by the oceans, causes thermal expansion of seawater, 

responsible for about a third of observed sea-level rise (Hausfather, 2019).  This will seem a 

minor challenge when compared with the profound threat of melting ice on land. 

Land-ice raises sea-levels directly as it melts, whether from Greenland, the icesheets of 

Antarctica, or the glaciers of the Himalayas, and across the world’s mountain ranges. Melting 

glacier ice has contributed over 20% of existing sea-level rise, the speed of loss has doubled 

in the last twenty years, and continues to accelerate (Hugonnet et al., 2021)27.  Glaciers are 

melting faster than land-based ice-sheets, and causing risks and threats in many parts of the 

world; but the sheer scale of sea-level rise produced by the Greenland and Antarctic ice-

sheets will dwarf current dangers if their melting continues.  

Sea-ice melt is, nonetheless, a critical issue, with its accelerating impact on the global warming 

process. Figure Box 2.1 shows the 75% loss of summer volume of Artic sea-ice from the late 

1970s to the present; that decline accelerates markedly from about 1990 (Polar Science 

Center, 2021; Schweiger et al., 2011). The area of exposed Arctic seawater, with its 

accelerating feedback into the global heating process, has increased accordingly. 

 

 

  

                                                      
27 During 2000 – 2019 glaciers lost a mass of 267 +/-16 gigatonnes per year, equivalent to 21 +/-3 per cent of 
observed sea-level rise. The rapid increase in rate of glacier melt accounts for between 6% and 19% of the 
acceleration of sea-level rise. 
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Figure 4 shows that the Arctic polar temperature rise is consistent and increasing.  The darker blue 

line shows the average global deviation from pre-industrial temperatures, with a gentle upward trend 

becoming more marked from about 1980, and accelerating thereafter.  The lighter blue line in Figure 

4 shows annual deviation from pre-industrial average-temperature levels in the Arctic region (using 

the same baseline). Since 1920, Arctic temperature differences have been consistently more marked 

than the global average, and since 1980, by an ever-increasing margin. 

 

 

 

The increased Arctic temperatures cause melting of land and sea ice, and also thawing permafrost and 

its methane emissions, as illustrated in Figure 5. The extent of ice melting in 2005 on Greenland is 

contrasted with 2009 in the first image in Figure 5, showing a significant increase in ice loss.  
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Figure 5: Accelerating Consequences of Arctic Warming – Melting ice and Methane emissions 

Sources: Melting - Steffen and Huff (2005); Methane crater – Noor (2021), Citing Getty Image  
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Meanwhile, the thawing of northerly land-masses covered with permafrost causes methane escape, 
adding to atmospheric GHGs28.  There is enough methane captured in permafrost to cause a 
catastrophic rise in global temperatures if released: ‘Arctic and boreal permafrost contain 1460–1600 
Gt organic carbon, almost twice the carbon in the atmosphere (medium confidence)’ (IPCC Special 
Report on the Ocean and Cryosphere in a Changing Climate 2019, p. 6). ‘The “entire Arctic” now emits 
more carbon than it absorbs’ (Hunziker, 2019). This is a shift from the tens of thousands of years during 
which the Arctic has been taking up carbon and sequestering it.  The earth is being propelled towards 
higher GHG emissions in the feedback effect of thawing permafrost caused by global warming. 

Concerns about methane have been sharpened by a phenomenon inside the Arctic circle – explosions 

in their thousands creating craters across the thawing landscape. Accumulations of gaseous methane, 

released under the permafrost by thawing, explode as they escape.  

One of these craters in the Yamal region of Northern Russia, shown in the second image in Figure 5, 

measures 50 to 60 metres across, and 60 metres deep. The image, taken in 2014, shows human figures 

on the perimeter, dwarfed by the depth and scale of the crater.  So far, these craters are only in 

uninhabited regions, but they graphically illustrate how new geophysical instabilities arrive alongside 

climate change (Noor, 2021, Citing Getty Image for Photo). 

Passing the tipping point 

The profound danger signalled by high Arctic temperatures is that a tipping point has passed. As the 

ice continues to melt at an accelerated rate in the polar summer, and the temperature rise 

accelerates, the sea ice is permanently lost, and the Greenland ice is following. When ice on Greenland 

melts it goes into the ocean; there is enough there to raise global sea levels by 7.5 metres, or 23 feet.  

 

 

                                                      
28 ‘Permafrost’ describes land that remains frozen for two straight years or more. The frozen land may lie 
beneath a layer that thaws annually. Permafrost occurs if the mean annual temperature is 2C or less. The 
depth of a permafrost layer will vary seasonally, and according to location.  Typically it is between 0.3 metres 
and 4 metres thick. In the Northern Hemisphere approximately 24% of ice-free land (some 19 million square 
kilometres) is affected by permafrost. The physical consequences of periods of rapid thaw are vividly described 
in The New Yorker article about Verkhoyansk in Siberia (Kormann, 2020).   

Figure 6: Comparison between earlier flood projection across Vietnam and current 

modelling with improved elevation data. Source: Lu & Flavelle in New York Times (2019). 
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Loss of ice in the Arctic and Antarctic regions is accompanied by significant changes across the globe 

as weather systems react. Estimates and projections of sea-level rise and their impacts by the 2050s 

have been radically revised in recent years. For example, Figure 6 shows a comparison between an 

older projection and a 2019 estimation of Vietnam’s exposure to annual flooding by 2050. The newer 

version is based on methodology that increases accuracy in assessing land elevation (Models and data 

at Climate Central Inc, 2021, described in Kulp & Strauss, 2019, cited in Lu & Flavelle, 2019). These 

2019 data and global projections estimate up to 340 million people living with projected annual floods 

by mid-century, increasing to 630 million by the end of the century (and then continuing to increase) 

(Kulp & Strauss, 2019). Globally, in all models, the worst affected areas are in the South East Asian 

region. 

Even this 2019 projection is likely to be an underestimate. The surges in sea level rise predicted after 

2025 are not taken into account in the new elevation models (Englander, 2021, p. 48). They report the 

likelihood of annual flooding, but do not fully capture the dynamic interaction between sea-level rise, 

flooding and increased intensity of storms (hurricanes and typhoons) caused by warmer seas.  

In recognition of the threats posed by sea-level rise, and of land subsidence caused by permanent 

changes in water table, Indonesia is building a new capital city in Borneo as Jakarta (whose 

metropolitan area is currently home to about 36 million people) becomes unsustainable as a capital 

city. There could well be 200 to 300 million regional climate refugees by 2050, and massive loss of rice 

production from salination of fields, unless steps are taken to steer away from this regional and global 

disaster. The problem is global; Kolkata and Mumbai in India, many parts of Florida in the USA, about 

two thirds of Bangladesh, and many small island states will also be under water29. 

The story is simple. Climate change is happening faster than anticipated; one consequence – the loss 

of ice in the polar regions – is also a driver for more rapid global heating and disastrously rapid global 

sea level rise. Consequences are increasingly violent – whether methane explosions in the northern 

arctic region, or increasingly severe storms, fires, droughts and floods across the globe. This picture 

requires urgent recognition, and rapid political and collective response everywhere.   

Without doubt, the collective emissions of greenhouse gases must be reduced to net-zero as fast as 

humanly possible.  Some countries could get there by 2035, and they must. Others need to fall into 

the same pattern by 2050 at the latest. In addition to urgent systemic changes to reach net zero, 

further radical intervention is required to reverse some of these changes. Reversing changes in this 

way will be delivered as a component in a programme of ‘Climate Repair’. Organising these measures 

is a technical challenge, and also a multi-faceted political and policy challenge. 

                                                      
29 South Florida illustrates the increased risks emerging from storms and sea-level rise. In 2011 concerns were 
expressed about a possible rise of between three and six feet by 2100. In 2016 that risk was thought to be a 
rise of between 10 and 30 feet. In April 2021 the prognosis was for a rise of ‘at least 20 feet’. Meanwhile, as 
little as ‘a two to three foot rise of sea level will make nearly all of the barrier islands of the world 
uninhabitable … and make zones like south and central Florida increasingly challenging communities in which 
to maintain infrastructure and welfare … during hurricanes and other extreme events.’ These predictions and 
comments come from Harold Wanless of University of Miami, either in his own writing or in interviews with 
others  (Patterson, 2011; Ritchie, 2016; Wanless, 2017, p. 1, 2021). 
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Political and policy challenges: What level matters most? 

‘Political’ and ‘policy’ interventions can operate at national, international, or global levels.  National 

actions are important for regulatory and obligatory changes. Carbon pricing or taxation, research 

development and demonstration (RD&D), green bonds and finance, foresight planning, risk 

management, international negotiation and international aid are all driven from the national level.  

Most national agendas on climate change emerge from international cooperation. Although the 

absence of real commitment from the USA to provide global leadership until this year was problematic 

for the process of international discussion and mobilisation, it demonstrated the power of pragmatic 

international engagement in coalitions of willing nations. Thus the launch and mobilisation of Mission 

Innovation in 2015, and the EU announcement in relation to Green Finance in January 2020 were 

successful without global participation.   

Since the renewal of national USA participation in climate change action – and with their apparent 

determination to take a leadership role – international dialogue has been re-energised. If the current 

position of the USA is seen alongside the roles of China and the EU over the past 10 years, there is 

now real potential for leadership from these nations at COP26, showing the critical importance of 

international engagement. 

At the global level, discussion via the UNFCCC framework and, importantly, its mechanisms for 

monitoring and reporting the state of play and current predictions about planetary changes in the 

coming decades, via the IPCC, support and guide interventions at all levels.  The COP meetings under 

the UNFCCC provide focal points for international deliberations, and have offered impetus to 

discussions: the Paris Agreement was made at a time when the USA could not ratify such an 

agreement, but in a side meeting on the first day of that same COP meeting Mission Innovation was 

announced, and the Breakthrough Fund for private investors was also able to take shape at that 

meeting.  

Mission Innovation, a ‘Fund of Funds’ is a real-time demonstration of international cooperation 

working successfully. If Mission Innovation participant countries (with their 80% of global GDP) decide 

to do something, for example on carbon pricing, they could change the institutional framework quickly 

and extensively. Without the UNFCCC framework, it is doubtful that Mission Innovation would have 

taken off. 

Thus it is clear that all levels of political engagement are important – and give positive support and 

feedback to other levels of engagement. Whilst the absence of major nations is never a reason to stop 

pushing measures through, global momentum is greatly influenced by key-nation participation. The 

politics and diplomacy of climate change are ultimately the enablers of necessary change. However, 

there are still technical and scalable challenges, particularly as the Climate Repair agenda becomes a 

new focus. 

Adding ‘Refreezing the Poles’ and ‘Promoting Ocean Pastures’ safely to global strategy 

It is crucial to reverse the world away from tipping points related to ice-melt. The changes that might 

reverse polar heating need to be up and running effectively within 20 years from now. Similarly, a 

massive creation of new carbon sinks in addition to terrestrial forests is essential. Net zero may start 

to create a new climate equilibrium, but it is a slow process, with inertia built into the system. Even if 

humanity immediately stops pumping out GHGs, ice melt and sea level rise will continue for centuries. 

Reversal is possible, but it demands new technologies to be designed, tested and deployed in the next 
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few years. This has to be a rapid, dynamic programme that can still be instituted and calibrated 

carefully, to ensure the consequences are desirable, and unforeseen or unintended consequences are 

discovered and capable of reversal. With these guiding principles, there are some promising ideas 

ready for deployment. 

GHG-removal technologies of interest mimic natural processes, for example creating new carbon sinks 

in the form of forests (on land, in the oceans and at the fringes between the two); or using biomass in 

construction processes rather than cement.  ‘Carbon capture’ can be incorporated into manufacturing 

processes – so that CO2 emitted in steel and concrete industries is captured and stored or used in the 

manufacturing process, or in ‘mineralisation’. Marine based GHG-removal technologies are especially 

encouraging. ‘Marine up-welling’ extends the scale of marine kelp, sea grasses and seaweed farms, 

offering new carbon sinks, plus low-methane production of food for cattle – which increases milk 

yields, whilst lowering methane emissions from livestock themselves. These programmes are growing 

in confidence and acceptability. 

Fertilising deep ocean areas with light sprinklings of iron dust such as that from deserts, can generate, 

in a matter of months, green, plankton rich forests, accompanied by burgeoning fish stocks and a 

massive variety of marine wild life, including whales. The detail is explained in Box 3. The process 

already occurs in nature, and the ‘technology’ involves triggering afforestation to extend the scale and 

frequency of these events. More complex technologies are required for removal or oxidation of 

methane from methane-emitting areas.  Direct Air Capture technologies are also under development 

– where CO2 and other GHGs are pulled directly from the air for sequestration. 

Only technologies capable of capturing and sequestering at least 1 billion tons per year of CO2 each 

are under consideration at the Centre for Climate Repair at Cambridge, since scalability is critical in 

any response to the current crisis.  Cost is also a consideration.  There is a leaning towards nature-

mimicking solutions because they operate safely ‘in the wild’, and offer opportunities for scale-up 

without massive geo-engineering.  Trials are being launched for the careful monitoring of adverse 

impacts of ocean fertilisation, especially on changes to rainfall, water supply, biodiversity, food 

production and land-use. At the same time, co-benefits such as increased fish stocks can be noted, 

and appropriate governance, regulatory and economic structures can be developed to recover costs 

– along with programmes to ensure public acceptance. Re-generating fish and whale stocks, alongside 

natural (re-)introduction of marine pasture to oceans, is a relatively easy win, mimicking a process 

that occurs in nature haphazardly but often. 

If the world only gets to net zero emissions in the next 40 years, where ongoing emissions are fully 

balanced by capture through adoption of the measures outlined, it will not be enough.  Direct climate 

repair is needed as well, or there will be considerably more GHGs in the atmosphere than the current 

500 ppm. If all feasible GHG removal technologies are deployed at scale, there is a reasonable chance 

of sequestering 30 – 40 billion tons of CO2 annually.  That is less than the total amount being emitted 

at the moment.  It is essential for stabilising the planet and its weather systems, but not sufficient. 

  



 19 

Box 3: Promoting Ocean Pastures – Mimicking Nature at Scale 

The ‘Ocean Surface Iron Fertilisation’ project fits all the criteria for optimal Climate Repair 

interventions.  It mimics nature with a natural ocean-fertilising process30.  It is significantly 

scalable in a direct and intuitive way. The process of promoting ocean pastures has co-

benefits of creating rich biodiversity in otherwise barren locations, including edible and 

sustainable fish-stocks, providing a good source of protein for human and animal 

consumption and restocking the oceans. By a series of steps mineral carbonate (incorporating 

C02) is locked into permanent deposits on the deep ocean floor – where they join natural 

processes on geological time scales – the same processes that ultimately created the White 

Cliffs of Dover. 

The process is initiated by scattering iron-containing dust on the surface of the ocean.  In 

nature, this can occur when winds create sand storms over the Sahara Desert, dropping 

desert sand over the Atlantic Ocean. The red colour of the sand is indicative of iron particles.  

Whether seeded naturally or by design, dust particles are held by surface tension at the ocean 

surface. Almost immediately, the iron (a missing element in ocean waters) catalyses the 

production of a green layer of phytoplankton. Phytoplankton is the top of a food chain that 

brings in all manner of marine flora and fauna within a few weeks. Before long the seeded 

areas are teeming with fish and large marine animals, including whales (whose presence 

circulates nutrients from deeper to shallower water, promoting self-sustaining ecosystems in 

the longer term).  

Concerns about ocean seeding include fears of run-away greening, ultimately causing de-

oxygenation of the water, as is seen in lakes and rivers when there are spills of nutrients (such 

as from sewerage or animal waste). Experimental studies will be able to observe whether 

such unintended consequences can occur with systematic dust scattering. 

If the process is workable, and acceptable, then the aim would be to seed 2%-3% of global 

deep-ocean surface each year. That would remove 30 billion tons of CO2 per year from the 

atmosphere for permanent sequestration – first in the generation of green plant matter, and 

ultimately as calcium or other mineral carbonates in the lowest layers of the ocean where 

they settle, become sediment – and then part of the rock formation of earth’s crust.  

  

                                                      
30 See for example analysis of events in the present day, and in the last glacial maximum period (Maher et al., 
2010), or links made between volcano eruptions and salmon populations (Jones, 2010). 
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Re-freezing the poles, including the Himalayas, is a direct climate repair intervention to help stabilise 

the planet in the near future. Given the polar-driven global weather patterns, it is not acceptable to 

wait until Earth’s own processes re-establish a climate equilibrium, hoping for the return of the 

northern oceans to a state of permanent freezing, with additional snow fall each year providing ever-

increasing depth to the ice cap. An urgent intervention is needed to try and halt the rapid melting that 

is already taking place, and to keep the north pole area cooler during the arctic summer, so that the 

ice-gains of the winter are not lost each year and the region can return to its reflective white condition, 

instead of shifting further and further to the heat-absorbing dark blue.  

Of the options available for re-freezing, Marine Cloud Brightening has been identified for its technical 

feasibility, and like the ocean fertilisation project, it mimics natural processes. Experiments are under 

development to use Marine Cloud Brightening in the Arctic regions to test for feasibility and 

effectiveness – with observation in situ. Important characteristics of the approach include scalability, 

but also the ease with which the intervention can be scaled back or adjusted if necessary. Further 

details are set out in Box 4. 

This article has spelt out how urgently a portfolio of interventions is needed, and how the impacts of 

climate change have continued to be underestimated: without direct intervention, sea-level rise by 

2050 is going to be higher than previously estimated; the CO2 equivalent of GHG’s is higher than is 

routinely reported, and so on. However, this article has gone on to show that the need for creating 

carbon sinks and for putting in place a mechanism to re-freeze the Arctic region, is technically feasible 

and can be implemented without delay, using technology that could soon be deployed at modest cost 

compared with the damage and misery the measures seek to avert.  

There is room for critical analysis of proposals such as these, but there is no longer room for doubt 

about their crucial importance. The financial sector is leading the way in signalling that the risks of 

doing nothing, or of continuing to pump GHGs into the atmosphere are no longer acceptable. Banks 

are investing in the new technologies, actuaries are tackling the issues of risk of flooding and salination 

to food security and urban sustainability across the world. There is a sense of big change in the world 

about to happen – and this article has sought to focus attention on the strategic interventions that 

will maximise continuity of human civilisation whilst offering subtle, nature-friendly interventions with 

positive co-benefits, and opportunities for fine-tuning and responsive management as they are scaled 

up to achieve the desired effects and impacts. 

What we, as humanity, do in the next four to five years will determine the future of our civilisations. 

Will we step up and make the planet – and our coastlines – safe again, embracing the idea of thousands 

of years of human civilisation ahead of us, as well as behind us? Or are we going to narrow our 

aspirations to ‘survival’, fixing on a time scale of the next fifty years or so, and leaving our children with 

the consequences? It is a denial of the heritage we have been given – for human ingenuity and for 

continuity – to adopt the mean-spirited short-term goal of just-about-getting-away-with-it for a few 

decades more. Humanity deserves better. We know what to do. Let’s do it. 

Acknowledgements: Thanks to Dr Shaun Fitzgerald, Director of the Centre for Climate Repair at 

Cambridge, and to Professor Nerilie Abram, ANU Research School of Earth Sciences, Australian 

National University, for their comments and insights. 
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Box 4: Re-freezing the Arctic – a Cloud Brightening Approach 

The idea is a simple one: create a reflective layer across the ocean that will reflect sunlight 

away exactly as the ice did before rapidly rising temperatures removed the sea ice.  

The simplest way to achieve this reflective layer is to spray tiny droplets of sea-water into the 

air. Natural currents then lift these ‘aerosols’ so they whiten – or brighten – clouds heading 

for the Arctic sea in the Polar summer. The process is well-understood, and is viable as an 

approach at scale. However, it has not been trialled across large areas, and it is important that 

any unintended effectsnj are understood before driving a programme through. 

The proposed operation of cloud-brightening, as it is known, involves spraying from multiple 

floating pumps that sit tethered across the target ocean-surface. Figure Box 4.1 shows an 

artist’s impression of the pumps under design: they use wave-energy to run the pumps that 

spray the aerosols.  Thus the process is CO2 neutral, an important design feature for an 

activity that will run for six months of the year if it is adopted successfully. 

 

 

 

  

Figure Box 4.1: Artist’s impression of aerosol spraying pumps run by solar power 
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