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Abstract 

This report describes how the rapidly changing Arctic is already causing catastrophic impacts to the 

rest of the planet, how it will soon trigger much worse ones and thus why a climate restoration 

programme must be immediately started.  

The consequences of failing to implement a climate restoration programme are stark and clear. Many 

billions of people in the tropical and subtropical regions are already facing existential threats as a 
direct consequence of the changing Arctic; their plight is to be soon shared by the rest of humanity.  

The climate change threat faced by the world is also being amplified in dangerously unpredictable 

ways due to the myriad of interfaces which inherently exist between climatic, economic and political 

systems. As atmospheric CO2 is at such a high level and increasing so fast, then cutting anthropogenic 

CO2 emissions in accordance with COP21 objectives, while necessary, is not sufficient to reverse the 

emerging crisis. Any such attempts will be overwhelmed by the powerful amplification processes in 
the Arctic caused by albedo feedback and methane releases. 

Given the overwhelming evidence of extreme risk, then it is incumbent on the EAC to acknowledge 

there can be no “sustainable development” in the Arctic.  Instead radical remedial action must be 

taken. This report proposes that an additional  third party liability charge is imposed on the insurance 

premiums of the fossil fuel companies to cover the climate change risk their operations cause while 

acting as a disincentive to further production.  The purpose of this is to fund a climate restoration 

programme as a means of managing the risk through planetary cooling, greenhouse gas sequestration 

and ecosystem restoration. If this is successful it will stop an ecologically driven economic collapse 
which will otherwise be manifested first in the insurance industry.  

                                                                 
1 https://www.climate-restoration-foundation.com/ 

https://www.climate-restoration-foundation.com/


1 Introduction 
 

It is no exaggeration to say that this inquiry comes at the most pivotal time ever in human history. The 

facts are clear and unequivocal; the Arctic is in an accelerating meltdown which is happening far faster 

than predicted by climate change models. 

The effect of what is happening in the Arctic will not be constrained to the Arctic.  Just as moving a 

piece on a Rubik’s cube will change the orientation of other pieces elsewhere on the surface of the 

cube in unpredictable ways, then the heating of the Arctic will change many other aspects of the 

planet’s climate system in equally unpredictable ways. However, unlike the Rubik’s cube, the 

connections between the myriad of variables in the climate system are much more dynamic, such that 

the heating caused in the Arctic leads to further heating elsewhere on the planet which in turn leads 

to further heating of the Arctic in a dangerous self-amplifying feedback system.  

In addition, two truths are also becoming increasingly realised. The first is that the fast changes in the 

Arctic indicate that it is inherently less stable than first thought. The second is that that we are starting 

to appreciate that the earth system that sustains us and whose domain contains the interconnected 

climatic, economic and political systems is far more complex and interconnected than we first thought 

and is much less stable.  Thus, the changes to the Arctic will not just cause dangerous changes 

elsewhere in the climate system, but will also have direct impacts on the global economic and political 

systems. These impacts will in turn interact with variables in the other systems. In mathematical terms, 

this is representative of the classic three body system which is inherently chaotic, unpredictable and 
unstable. 

 

Figure 1 - The unpredictable three body problem 

It is thus incumbent on the Environmental Audit Committee to acknowledge that the speed of events 

in the Arctic, along with the risks associated with known and unknown interactions with variables in 

the other systems, means that a mass extinction outcome is the only probable result should we remain 

on the current climate change trajectory and that trying to make useful predictions of any other future 

scenarios within this framework is impossible. 

Thus, the purpose of this submission is to present three basic propositions: 

1. That the changes in the Arctic are so unprecedented they must be acknowledged as an 

advanced warning that we have started the transition to a new equilibrium which will be 

inhospitable to all higher life forms on the planet, including humans, and that the transition 

to this new state will be extremely quick and unstoppable once inertia builds up.   



2. While the government must continue to press for a zero carbon economy, the meltdown of 

the Arctic makes it clear this will be inadequate on its own to prevent a runaway climate 

change crisis and that a climate restoration programme must immediately be started. 

3. That the scale of the crisis requires novel approaches to funding that transcend national 
boundaries, business as usual (BAU), and normal economic models.  

Thus, in respect to the three principle questions posed by the remit2: 

Governance: The issue of “encouraging the sustainable exploitation of Arctic resources” is an 

irrelevant consideration and to pursue such a policy is immoral and a perversion of justice. Instead it 

is incumbent on the Environmental Audit Committee to acknowledge that the speed of change in this 

region unequivocally warns that the COP21 agreements are inadequate to address the accelerating 

crisis of climate change and that we face an existential crisis. 

This addresses the EAC’s other question of if the UK’s policy framework has ensured that, “policies are 

developed on the basis of sound science with full regard to the environment, and where only 

responsible development takes place.” This can only be answered in the negative given that there has 

been no response to the catastrophic meltdown of the Arctic since the first warnings by Prof Peter 

Wadhams in 19893 and no attempt to reinforce climate change policies in light of recent validation of 
these by observational science.  

Scientific research: The most significant environment changes in the Arctic are now plain to see. There 

are catastrophic losses of ice coverage and thickness, gravely threatening releases of methane, 

destabilisation of the jet stream and weakening of Atlantic Meridional Overturning Current (AMOC). 

In the short term these will result in the UK being buffeted by escalating events of extreme weather; 

in the medium term it will result in the collapse of the UK economy through ecological stress due to 

sea level rise and loss of food production and infrastructure. In the longer term it will become an 
existential threat.  

Commercial activities: The remit asks what more could the UK do to ensure the implementation of 

best practice in fossil fuel extraction, mining, shipping and tourism in the Arctic regions. This question 

indicates that the UK intends to do nothing to slow down or stop these developments, which is the 

only logical response to the observed changes. While this may be impossible to do within the business 

as usual environment, it makes consideration of the questions of insurance and risk management 

much more critical. This submission will propose that the risk associated with a melting Arctic can 

optimally be managed by imposing a third party insurance premium on fossil fuel companies to cover 

the climate change liabilities they cause. The revenues this raises can be used to fund the necessary 

climate restoration programmes. Furthermore, the speed at which the Arctic is melting makes it 
imperative to start these immediately and at scale.  

 

  

                                                                 
2 http://www.parliament.uk/business/committees/committees -a-z/commons-select/environmental-audit-
committee/news-parliament-2015/arctic-sustainability-inquiry-launch-16-17/ 
3A Farewell to Ice: A Report from the Arctic, Peter Wadhams, Penguin UK, 1 Sep 2016 

http://www.parliament.uk/business/committees/committees-a-z/commons-select/environmental-audit-committee/news-parliament-2015/arctic-sustainability-inquiry-launch-16-17/
http://www.parliament.uk/business/committees/committees-a-z/commons-select/environmental-audit-committee/news-parliament-2015/arctic-sustainability-inquiry-launch-16-17/


2 Scientific Justification 
 

2.1 Why the Arctic is heating up faster than the rest of the planet? 

Basic physics tells us that heat flows from hot to cold and this fundamental dynamic happens on a 

planetary scale. The areas of the planet with the greatest heat flow into them are the tropics and sub-

tropics which present a large and nearly perpendicular surface to the incoming radiation from the sun. 

By contrast, the Polar Regions being at a shallower angle of inclination to the sun are cooler. In the 

winter the respective Polar Regions face away from the sun and receive no direct solar heat input. 

Thus, as heat flows via wind and ocean current into the polar regions, driven by the temperature 

gradient, it is then radiated to space as a function of the fourth power of temperature, (i.e. power 

radiated = 𝜎𝑇4, where 𝜎 = Stephan Boltzmann constant). 

 

Figure 2 - Heat flow on the planet 

Unfortunately, the excess heat energy that the Arctic region can radiate to space is limited by its 

surface area which is naturally much smaller than the area of the tropics which is the primary recipient 

of the solar heat input. If the planet is in an energy imbalance, as it is today, this leads to a rapid build-

up of excess heat energy in the Arctic until such time that it builds up sufficiently to enable the 4th 

power that the temperature is raised to equilibrate the heat flow calculations and allow sufficient heat 

to be radiated to space to bring the planet into a new thermal equilibrium.  In so doing, the 

temperature gradient between the Polar Regions and the equatorial regions decreases, resulting in 
less heat flow from the hot regions.  

However, the situation is complicated by the very heat that flows into the Arctic which potentially 

reduces the efficiency of the heat flow into space. For example as the heat melts the ice cap, then 

large areas of open ocean are exposed which allows insulating blankets of cloud and water vapour to 

form in the Arctic through evaporation. Furthermore, the heat build-up will lead to increased methane 
emissions, which being a potent greenhouse gas, further reduces the heat flow to outer space.  

The result of the heating Arctic and the thermal throttles inherent within it is to prevent the heat from 

the rest of the planet flowing naturally from the tropics into space. As a consequence, the temperature 



of the rest of the planet will increase while the temperature differential between the poles and the 
tropics will decrease.  

The consequences of this are already being experienced across the tropical and sub-tropical regions, 

(i.e. India, Africa and the Middle East) through rising temperatures. In these hot regions, only a 

relatively small temperature increase (circa 50C) is needed to change conditions from being 

uncomfortably hot to being fatal to life in summer. This fate is already being experienced by some 2 

billion people, their crops and livestock.  

In line with the crude analysis of the heat flow across the planet, the expected high temperatures are 

being observed in the Arctic, with rises of up to 300C being recorded over a period of only a couple of 

years. The reduced temperature gradient is now destabilising the jet stream. The effects of this are 

already evident in the UK through increased storm damage, floods and extreme weather conditions.  

Despite the best modelling efforts, it cannot be ascertained with any confidence at what temperature 

and when thermal equilibrium will occur. The only thing that can be said with any confidence is that 

further significant temperature rises will occur in the short term in the Arctic which wil l place billions 

across the mid latitudes at risk of un-survivable temperature rises and place those outside these 
regions at risk of extreme weather events, mass inward migration pressure and sea level rises. 

2.2 Arctic Amplification through albedo (solar reflectivity) loss 

It is now well established that as the heat flows into the Arctic from the rest of the planet it melts the 

sea ice. This melting occurs from both the atmospheric heating above and oceanic heating from below 

with the result that large areas of the Arctic Ocean are now ice free.  It is also well understood that 

the open ocean has a much lower albedo than the previous ice covered ocean and hence absorbs 

more heat to melt more ice.   

The critical point for the planet will come when the sea ice cover is absent in the critical May to July 
period when the sun in the Arctic is at its highest in the sky and is present for 24 hours a day.  

Kristina Pistone and Ian Eisenman4 used satellite observations to calibrate the additional heat flow 

into the planet due to the albedo decrease caused by ice loss. They ascertained that the additional 

heat flow into the planet due to the 40% ice cap loss that had occured from 1990 to 2011 was 

equivalent to a 25% amplification of CO2 heating over that time. Thus crudely extrapolating these 

figures forwards suggests that once the ice cap is completely lost over the critical summer months 

then the additional heating will be in the order of a 62.5% amplification of the average caused by  CO2 
from 1990 to 20115.  

This will cause a catastrophic step change in Arctic heating which will come on top of an already 

unsustainable heat build up. The ramifications on the rest of the planet will be severe as the  

temperature gradients between the polar and tropical regions will be further reduced leading to 
higher temperatures in the tropics and sub tropics.   

Furthermore, the rate of change in ice area has a direct negative correlation to the actual ice area, 

such that as the area reduces then the rate of melting increases and an exponential progression in 

melt rates follows leading to a “death spiral.” This is what is being observed today. The most likely 

                                                                 
4 Observational determination of albedo decrease caused by vanishing Arctic sea ice, 

http://www.pnas.org/content/111/9/3322.abstract 
5 Assertion validated in email conversation with Ian Eisenma and Kristina Pistone 

http://www.pnas.org/content/111/9/3322.abstract


result of this will be an Arctic that is ice free in the critical May to July period by the end of this decade, 
if not by this coming summer.  

After this point the step change of heat flow into the planet will eventually render most of it 

uninhabitable.  

 

2.3 Arctic Amplification through methane release  

Two immediate effects of the heat build-up in the Arctic are that the permafrost melts and the 

methane hydrates which have been held in a fine thermal equilibrium in the seabed also melt and 

dissociate into methane gas.  

These two effects work together; the permafrost which would once have provided a physical barrier 

to either prevent methane releases to the atmosphere or at least to slow these down is removed at 

the same time as free methane becomes more prevalent through the dissociation of methane 

hydrates.  

Furthermore, given that approximately 90% of the heat trapped in the planet through increased CO2 

is the top 800 metres of the ocean, then any methane reservoirs on the shallow sea bed or not much 
below it are at extreme risk6.  

The consequences of these two effects are now being measured by atmospheric observatories across 

the Arctic through increasing levels of methane interspersed by extreme spikes, (see Figure 3 below). 

In addition, increased numbers of pingos are being observed across Siberia where the methane 

pressure builds up undergound and creates swellings in areas where the surface integrity has been 

weakened locally by permafrost melt until blowouts occur. Once these happen, arterial routes are 

provided from the methane reservoirs to the atmosphere allowing rapid release and the bypassing of 
microbial actions that may have previously converted methane to CO2.  

 

Figure 3 - Arctic methane levels since 1990. 

Despite the rapidly increasing rate of methane being injected into the atmosphere and the extreme 

danger of further large scale releases, there is little agreement on how the contribution of methane 

to the heating of the planet should be assessed. Up to now this conundrum has been dealt with by a 

                                                                 
6 Industrial-era global ocean heat up take doubles in recent decades, Glecker, Nature 8 January 2016 



selection of the most optimistic figures that deliberately downplays the global warming impact of 
methane.  

To do this, the global warming potential of methane when compared with CO2 has been assessed over 

a 100 year time period such that the heating effect of the initial methane pulse into the atmosphere 
is calculated as 34 times that of an equivalent volume of CO2.7  

However, methane has a lifetime in the atmosphere of only 12.4 years8 before it converts to CO2. Thus 

the heating effect is predominately experienced in the first few years after its emission into the 

atmosphere.  When methane emissions are rising, as they are today, it thus makes no sense to 

consider the impact over a 100 year time period. The IPCC acknowledges this with the statement, 

“There is no scientific argument for selecting 100 years compared with other choices (Fuglestvedt et 

al., 2003; Shine, 2009). The choice of time horizon is a value judgement because it depends on the 
relative weight assigned to effects at different times.”  

Instead of this ambiguity we should consider the global warming potential of methane over a much 

shorter period, perhaps as short as a single  year because as soon as methane decomposes there is a 

bigger volume ready to take its place.  Thus we should be working on a global warming potential of 

methane closer to 120 times that of an equivalent quantity of CO2 based on the data from the IPCC as 
shown in Figure 4.  

 

Figure 4 Global Warming Potential of Methane (IPCC IR5, figure 8.29)  

 

The much higher global warming potential of methane that should be taken into account changes the 

dynamics of the methane equation. It leads to the proposition that the acceleration of methane 

emissions (M) to the atmosphere is proportional to the rate of change of methane emissions in the 
atmosphere. Crudely this can be expressed by a second order differential equation, such that: 

𝑑2𝑀

𝑑𝑡2 = 𝑘
𝑑𝑀

𝑑𝑡
 

                                                                 
7 IPPC AR5, chapter 8. 
8 IPPC AR5, chapter 8. 



The only solution that this can yield is an equation where the methane level rises exponentially once 
it gets beyond a rate that exceeds that of decomposition.  

To date, there has been no assessment of what the critical rate is at which methane must enter the 

atmosphere to start a runaway reaction, such that the additional heating it causes releases more 
methane which creates further heating through self-amplification. 

It is however safe to assume that either we cannot be far from this critical rate or that we have already 

exceeded it. As the previous sections of this response have highlighted, extreme temperature rises 

are already occurring in the Arctic from the additional heat that is flowing into it.  This rapid heat build-

up and corresponding change in temperature is already being amplified by albedo loss through sea ice 

melting and a significant step change increase in amplification is expected in the coming years due to 

the expected complete loss of ice in the critical May to July period. It is this rapid change of 

temperature that is causing methane to enter the atmosphere at increasing rates and which will be 

consistently above the rate of decomposition into CO2. The differential between these two justifies 

using the highest value of methane’s global warming potential and the assertion that we have 
exceeded the critical rate of methane emissions in the Arctic.  

2.4 The build-up of atmospheric CO2 and comparison with Vostok Ice core  

Perhaps the most iconic graph that captures the rise of atmospheric CO2 is the Mauna Loa recording. 

This clearly shows the annual cycle of CO2 whereby the atmospheric concentration reduces to a 

minimum in late summer in response to the uptake of CO2 by vegetation and phytoplankton growth 

in the Northern Hemisphere. Not only is it iconic, but it is also the longest continuous recording of 

atmospheric conditions in the modern age.   

 

Figure 5 - Mauna Loa Monthly CO2 measurements 

However, this iconic view of the annual cycles obscures a more critical message within the data. That 

is the manner in which the underlying trend is increasing. To see this, a one year moving average is 
calculated and this is plotted in Figure 6. 
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On drawing a straight line from the first data point in 1957 to the last data point in February of this 

year, it is immediately apparent that the curve follows a concave shape such that the rate of increase 

in recent years is significantly greater than that observed in the early years of the recording.  

This observation is extremely concerning for two reasons. It gives us an initial warning of the steadily 

accelerating pathway that atmospheric CO2 is on and it is indicating that the reported plateauing of 

anthropogenic CO2 emissions is either not happening or is being negated by the combination of a 

reduced sequestration ability of the ecosystem and carbon sinks turning into sources as a result of 
global heating.  

From these concerns, an immediate assumption would be that an exponential function should be able 
to approximate this. It would be of the form:  

𝑦 = 𝐴𝑒𝛽𝑥 

with suitably selected values of 𝐴 and 𝛽. These two constants effectively do the job of horizontally 

and vertically stretching the exponential function to the given CO2 values. However, in this case no 
suitable values 𝐴 and 𝛽 can be found to do this.  

We find that the best that we are able to do results in a significant and consistent under estimation of 

the data in the earliest and latest measurements. The only way that we are able to find a reasonable 

function to fit the data is to assume that 𝛽 is also an exponential function of time. This warns that 

atmospheric CO2 is increasing as an exponential of an exponential, i.e. super exponentially9. The 

Mauna Loa data supports this proposition and warns that significant increases in CO 2 should be 

expected in the near future such that we will reach 450ppm before 2030 and then increase even more 
rapidly thereafter. 

It is as if we are in a car accelerating into a brick wall. It makes the current concept of relying on natural 

processes to reduce atmospheric CO2 to enable recovery from an overshoot of the 1.50C or 20C limits 

an impossibility.  To do this, it would require us to smoothly and asymptotically approach the critical 

limits of CO2 that will determine the final temperature increases. Instead we will crash through these, 

carried by the full thermal momentum that will have been built up.  

                                                                 
9 Evidence for super-exponentially accelerating atmospheric carbon dioxide growth, Andreas D. Hüsler, Didier 
Sornette, https://arxiv.org/abs/1101.2832v3 
 

https://arxiv.org/abs/1101.2832v3


 

Figure 6 - Mauna Loa data shown as a moving average 

To put the change in atmospheric conditions into context, it is instructive to look at the Vostok ice 

core data which gives the best measurements of atmospheric CO2 over a 500,000 year period, as 

shown in Figure 7 

At no time over this period had atmospheric CO2 exceeded 300 ppm, thus there is no evidence that 
the current levels of CO2 are stable and compatible with life on the planet.   

 

Figure 7- Vostok Ice Core data 

There is a further compounding issue which makes the step change in CO2 levels that has occurred 

since the start of the industrial revolution far more serious and its effects far less reversible.  That is 

the heat trapping effect of CO2 increases logarithmically, such that a doubling of CO2 is needed for a 

direct temperature increase of about 1.20C and thus CO2 must increase by a factor of 4 to obtain a 
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2.40C temperature increase.10&11 However once the initial temperature increase has occurred it is 

amplified as discussed in the previous sections through the loss of sea ice, release of methane and 

other changes to the Earth system and the planet then finds a new thermal equilibrium, which may 

well be inhospitable to life. To reverse the changed climate back to its previous stable equilibrium 

state necessary for the survival of our civilisation requires far more than just a CO2 drop that is 

equivalent to the CO2 rise that triggered the change in the first place as the Earth’s climate systems 
will be stuck in its new low albedo and energy trapping state from which it now must be forced. 

Furthermore, the CO2 concentration in the atmosphere is now the sum of anthropogenic sources and 

natural sources, such as forest fires and permafrost melt that have been triggered by the initial 

anthropogenic warming. Thus even if a significant reduction in anthropogenic CO2 could be achieved, 

it would have little cooling effect. This being due to the total reduction being minimised by increasing 

natural emissions. If hypothetically, a large enough reduction could be made in anthropogenic CO2 

which resulted in a reduction in atmospheric CO2, that reduction will now take place on a flatter 

portion of the log curve of Figure 8 and a smaller reduction of heat forcing would result than would 
have previously been the case. 

Thus having broken away from the pre-industrial levels of stability, the relatively minor reductions in 

anthropogenic CO2 emissions likely to come from the INDCs of the COP21 agreement, even if ramped 
up, will be wholly inadequate to address the crisis that we have created. 

 

Figure 8 – Temperature forcing against concentration 

This hysteresis in the climate system was first explored by James Lovelock and Andrew Watson in their 

classic paper from 198312 using their Daisy World model whereby a fictional planet’s temperature is 

controlled by the albedo of black and white daisies growing on the surface which maintains thermal 
equilibrium.  

Lovelock’s simple mathematical model provides a means to explore hysteresis in way that cannot be 

replicated with ease using even the most powerful climate change computer models as these 

                                                                 
10 See for example, Global Warming: The Complete Briefing, Prof John Houghton 
11 See also IPCC AR5, section D.2 Quantification of Climate System Responses  
12 Lovelock and Watson, 1983, Biological homeostasis of the global environment: the parable of Daisyworld,  
http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0889.1983.tb00031.x/epdf 

http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0889.1983.tb00031.x/epdf


inherently are focused on predicting conditions forwards, such that they answer the question of what 

output temperature condition will be obtained given a certain CO2 input.  The computer models used 

today do not reverse the inputs and outputs to consider the problem of what reduction in CO2 is 
needed to restore a future dystopian climate condition back to its original temperate and condition.  

Given that the models have been unable to predict the changes that are occurring today, such as the 

speed of melt of the Arctic Ice cap, then predicting the outcomes associated with attempts to reverse 

climate change back to stability with any degree of accuracy will be far beyond the computational 

powers of even the very best models, especially when consideration is made of the three body 
problems described in Figure 1, which is not even included in today’s forward projections.  

Perhaps the reason that there is so little dialogue on climate restoration is because the computer 

models of today and tomorrow will be for ever unable to answer this question13 and thus the most 

critical question facing humanity, “can we reverse climate change?”, is not even posed and as such no 
attempts are being made to reverse the crisis we now find ourselves facing.  

2.5 Ocean surface heating  

Approximately 90% of the additional heat being trapped as a consequence of global warming is in the 

upper layers of the ocean. This lowers the density of the surface water and causes stratification of the 
oceans.  

Prior to anthropogenic climate change, the natural ocean circulation system was driven through a 

combination of evaporation and ice formation. In the North Atlantic, the warm waters from the Gulf 

flowed up towards the Arctic. Surface evaporation would cool and increase the salinity of the surface 

water. Once the water entered into the Arctic regions freezing would occur. The ice that is formed is 

comprised of fresh water extracted from seawater which has the effect of increasing the salinity of 

what is left still further. The resulting cold and high salinity water being denser than normal seawater 

sinks to the depths, thereby powering AMOC. In the ocean to the east of Greenland this has been 

observed through the formation of downward flowing chimneys that remained stable for prolonged 

periods. These chimneys are deep, rotating, vertical cylinders of water, transporting cold brine water 
from the surface of the ocean to great depths, as much as 2,500 metres14. 

However, in opposition to the process of increasing water density through salinisation of the surface 

waters is the lowering of the surface water density through increased surface heating. This effectively 

acts like a thermal stick poked through the spokes of a wheel. Once the surface density falls below a 

certain level the circulation becomes impossible to sustain. Calculations have predicted that at 450 

ppm15 the additional heating will stop the ocean circulation currents. These calculations do not include 

the additional effect of more low-density glacial meltwater flowing from the Greenland ice sheet 

which will exacerbate the situation further. As discussed in the above section on CO2 emission growth 

(section 2.4) the latest we will be at this critical CO2 level is 2030.  

                                                                 
13 This is a classic chaotic problem where the smallest change to initial conditions changes the output 
unpredictably, see for example; From Calculus to Chaos: An Introduction to Dynamics, David Acheson, Oxford 

University press.  
14 A Farewell to Ice: A Report from the Arctic, Peter Wadhams, Penguin UK, 1 Sep 2016, Chapter 11 
15 James Lovelock, The Revenge of Gaia  



The parlous state that the ocean currents has descended into has been confirmed in recent surveys 

of the Arctic Ocean that have been unable find the pre-existing chimneys, thus validating that a major 

slowing down of the ocean circulation system is now underway.  

As is well known, gas is less soluble in warm water so the oceans ’ abilities to sequester CO2 will 

diminish with increasing surface temperature. At the same time, the decline in ocean circulation will 

reduce the ability of the ocean to pump dissolved CO2 to the ocean depths for long term sequestration. 

Approximately 41% of the atmospheric CO2 is removed by dissolving into the ocean. Thus the planet’s 
most important carbon sink is about to be lost just at the time when it is needed most.  

2.6 Ocean acidification 

The failure of the oceanic carbon pump is made more acute by acidification of the ocean. This is most 

severe in the Arctic regions where the water is still cold enough to absorb much more CO2 than 

elsewhere.  This has the serious consequence of dissolving the shells of marine creatures (which are 

made of calcium carbonate), especially the shells of the tiny, single‑celled organisms called 

foraminifera (or forams for short), which are found throughout the ocean. The shells of dead forams 
creates a kind of solid rain which takes sequestered carbon directly to the seabed.16 

 

2.7 Summary of scientific justification  

1. The Arctic's growing albedo loss needs to be considered in the planet's radiative forcing 

budget. 

2. The carbon budget is already overspent. 

3. Global warming has been 0.20C per decade giving 30C by 2100 just from legacy CO2, other 

things being equal, however this is likely to be considerably exceeded.  

4. To keep to the <20C limit, let alone <1.50C limit, even aggressive CO2 removal will not be 

adequate due to hysteresis effects in the climate system. 

5. The planet’s climate system is already close to multiple critical points of irreversibility and this 

is especially so in the Arctic where the combination of sea ice loss, methane releases, ocean 

circulation breakdown and ocean acidification are creating a toxic brew such that a dangerous 

and unpredictable cascade of events will be unavoidable unless effective measures are taken.  

6. Forcing agents such as Arctic methane which amplify the heating of the Arctic will have to be 

aggressively tackled.  

7. Large increases in Arctic temperatures will drive temperature increases in the tropics, the 

subtropical and desert regions beyond survivability levels with the potential to kill billions in 
the near term. 

 

  

                                                                 
16 A Farewell to Ice: A Report from the Arctic, Peter Wadhams, Penguin UK, 1 Sep 2016, Chapter 8 



3 Climate restoration programme 
 

The above facts dictate that there is a small window of opportunity for a climate restoration 

programme to be commenced. The primary objective is to stabilise the situation in the Arctic by 

simultaneous action to: 

1. restore ice cap albedo,  

2. sequester CO2 from the atmosphere and ocean surface, 

3. reduce heat flowing into the Arctic 

4. stop or slow methane releases and remove methane from the atmosphere.  

These must be done in conjunction with efforts to cut anthropogenic CO2 and not as an alternative.  

To address these objectives a loose-knit consortium of leading climate change scientists, engineers, 

institutions, companies and investors have developed an outline plan of a systematic approach that if 

deployed expeditiously and at sufficient scale could stabilise the climate and prevent catastrophic 

change. This is described at https://www.climate-restoration-foundation.com/winwick-business-
solutions. 

As well as making progress on the strategy for this, the exercise has also demonstrated that the 

probability of success will quickly diminish to zero if the climate progresses through points of 

irreversibility such as an ice free Arctic ocean in the critical summer months or large scale methane 
releases, both of which are imminent.  

Furthermore, the super-exponential curve that is determining the build-up of atmospheric CO2 (see 

section 2.4) means a significant additional greenhouse warming potential has been recently added to 

the atmosphere. Because of the relatively long time constant17 of the temperature response to this, it 

means that its heating effect is yet to be experienced and is still in the pipeline coming towards us. 
When it hits, it will be further amplified by effects in the Arctic. 

Thus we are in a life and death race to get a climate restoration strategy implemented before the 

inevitable heat build-up occurs. To meet this immutable deadline the sequential time for three critical 
steps must be allowed for, these are: 

1. Development 

2. Deployment  

3. The time constant for a planetary response to the interventions.  

Given the critically short time available, the technologies chosen should be relatively simple so as to 

reduce development time to the minimum, be rapidly scalable and suitable for mass production and 

be able to use existing products, technologies, global capabilities and infrastructure in order to 

minimise the amount of upfront logistical infrastructure to be built.  

In conjunction with these basic programme requirements, the technologies must also be safe, 
controllable and as environmentally benign as possible. 

                                                                 
17 The time constant of a system is the time it takes for its response to a step chance input to reach 63.2% of its 

final steady state value. The short time constant of temperature to a CO 2 increase is variously estimated at 10 
to 30 years, however longer term time constants are also expected which could be in the order of several 
hundred years and driven by factors such as the melting of the Greenland and Antarctica ice sheets.  



To meet these requirements the consortium has developed and started testing three concepts; 

Marine Cloud Brightening (MCB), ocean fertilisation using buoyant nutrient flakes and ice cap 

thickening. Brief discussions of each follow: 

3.1 Marine Cloud Brightening 

By artificially brightening marine clouds and creating new clouds, especially in the tropic to temperate 
regions, the albedo of the planet can be increased where the inbound heat flow is at its greatest.  

Our proposition is to do this by using a novel technique using fluidic oscillators which generate salt 

water mist to nucleate clouds and thus increase their albedo or create new clouds.  In addition, this 

approach also converts water vapour from a potent greenhouse gas into reflective clouds thus 
amplifying the effectiveness of the intervention.  

The use of fluidic oscillators is the most energy efficient, reliable and controllable way of achieving 

this objective. Computer modelling has demonstrated that if this is deployed at scale in the subtropics, 

it will be able to offset the direct heating being caused by a doubling of atmospheric CO2 levels from 
pre-industrial times.   

The ultimate effect of this will be to reduce the excessive heat flowing from the hot regions of the 

planet into the Arctic, thus giving the ice cap a chance of stabilising and then growing. At the same 
time, it will also beneficially cool the lower latitudes.  

This proposal effectively replicates the natural processes of marine cloud formation, in as much that 

marine clouds form from both natural born salt particles being released into the atmosphere by wave 

action and dimethylsulfide (DMS) aerosols derived from phytoplankton. However, as a consequence 

of ocean surface heating and the resulting stratification, phytoplankton concentrations are seriously 
depleting which has resulted in the loss of a major source of cloud nucleating particles.  

3.2 Dissemination of buoyant nutrient flakes 

Currently large parts of the ocean surface and hence the planet’s surface are now nutrient deficient 
and are thus not contributing effectively to restoring the planet’s ecological imbalances.  

It is in these areas where CO2 can most rapidly be sequestered from the atmosphere by conversion 

into biomass using ocean fertilisation via buoyant, ultra-slow-release nutrient flakes made from 

benign waste materials. This will exceed by far the speed that can be achieved with any land based 

method such as BECCS or afforestation. Most importantly it does not violate the second the law of 

thermodynamics by requiring large energy inputs to compress and transport CO2 for dangerous high 

pressure underground storage as with CCS. It also does not compete for agricultural land, water or 

fertilisers, it is not susceptible to drought and forest fires and only requires a trivial amount of energy 
for processing and dissemination of the flakes compared with other methods. 



 

Figure 9  -Blue areas representing phytoplankton deficiency 

By rapidly converting CO2 into biomass it will also stabilise the ocean acidification crisis. Without 

tackling ocean acidification, it is inconceivable that the ocean ecology can survive in anything other 

than the most degraded state. The consequence of this would be a further reduction of the ocean’s 
ability to sequester CO2.  

When done in conjunction with MCB, optimal sunlight can be delivered to the phytoplankton to 
prevent their death from overheating and sunburn (photo-inhibition). 

The nutrient mix can also be tailored to favour methanotrophs (methane eating bacteria) so that 

marine methane can be converted into biomass before it reaches the atmosphere. 

There is much unfounded concern raised against ocean fertilisation, though little yet against this 

particular safer, more effective and more economical method of using buoyant nutrient flakes. One 

objection that has been levelled is that the amount of CO2 sequestered in a given time period cannot 

be accurately calculated. However, this is a virtually irrelevant question as the immediate issue is to 

take CO2 out of solution by converting it to biomass which also stops it forming carbonic acid. On a 

longer time scale we know that ocean biomass sequesters CO2 permanently as organic sediments, 

clathrates, fossil fuels, limestone deposits and chalk cliffs around the world testifies. Importantly, this 

second stage of the sequestration process can only be done if the acidification of the ocean can be 
reduced to normal level, which requires CO2 to be converted to biomass in the ocean in the first place. 

A second objection is that this is a dangerous tampering with the balance of nature, but the counter 

to this is that the balance of nature has already been gravely tampered with and has moved it far away 

from its equilibrium state. We also know that the Mount Pinatubo eruption, which deposited an 

estimated 40,000 tonnes of iron and silica rich dust across into the oceans, stabilised atmospheric CO2 

and that it did so safely. In addition, this happens annually with the Shamal winds that maintain the 

ecosystem of the Persian Gulf by blowing iron rich dust onto its surface. The buoyant nutrient flakes 
will replicate these natural life sustaining mechanisms. 

3.3 Ice cap thickening 

The Arctic Ice cap can be thickened and restored by pumping sea water on to its surface using wind 
power systems. This would be done in the colder winter months and over multiple years. 

The ice thickening can either be done over large areas to maximise albedo and trap methane emissions 
or locally or over similarly wide areas to create ice structures grounded onto the sea bed to prevent 
warmer waters from entering into the Arctic and to plug methane vents.  



Due to the heat flow into the planet and the high levels of heat already stored in the upper layers of 
the ocean surface, a full scale deployment of Marine Cloud Brightening will be a necessary predecessor 
before ice cap thickening efforts can become fully effective. 

Our collaborating colleagues at Arizona State University have started studies and published initial 
engineering assessments to determine the feasibility of a large scale deployment across the Arctic18. 

The concept of ice thickening is well established and was used as a cost-effective method to provide 
platforms for subsea drilling in the 1970s19.  

3.4 Methane control 

The extreme danger associated with the atmospheric build-up of methane necessitates that the ability 
to decompose methane to less harmful CO2 must be made immediately available.  

It is known that ferric chloride salts can catalyse methane into less harmful CO2 in the presence of 

sunlight several thousand times faster than would normally be the case with natural processes.  As it 

also has the potential to reduce city and industrial smog and airborne methane emissions from 
fracking, bogs, rice and ruminant production, these are added incentives to its development 

It is proposed that aerostat-mounted fluidic oscillators be adopted to disperse a ferric chloride salt 

solution at altitude. The nano-droplets produced using this method provide the greatest possible 

surface area for reaction. If applied over the open ocean during the summer months, the resulting 
cloud formation will also add to the albedo of the planet. 

3.5 Synergistic effects 

With a large scale deployment of these three technologies their effects become multiplicative and 
mutually supportive, such that the sum of the whole is greater than the sum of the parts.  

                                                                 
18 Arctic Ice Management, American Geophysical Union, 

http://onlinelibrary.wiley.com/doi/10.1002/2016EF000410/epdf 
19 Floating Ice Platforms for Oil exploration in the Arctic, M. J. Ekelund’ and D. M. Masterson 
https://media.wix.com/ugd/1741a6_9c8516a11bb94f7f800ccf992554ac68.pdf  

http://onlinelibrary.wiley.com/doi/10.1002/2016EF000410/epdf
https://media.wix.com/ugd/1741a6_9c8516a11bb94f7f800ccf992554ac68.pdf


 

Figure 10 - Synergistic benefits of a combined strategy 

3.6 Summary of climate restoration programme 

1. The risks of climate change are so great that without a climate restoration programme being 

available before the planet reaches its critical points of irreversibility catastrophic climate 

change will be impossible to avoid.  Given the lead time and our close proximity to these 

points, work must start immediately. 

2. Tipping points beyond which irreversible climate change is unavoidable are usually discussed 

in terms of ecosystem events such as methane releases or ice cap loss, however we would 

argue that the true tipping point is the time when it is no longer possible to develop and 

deploy an effective climate intervention strategy in time. On this more onerous definition, we 

may already be past this tipping point, but we hope that our three methods in combination 

will still have a mitigating effect that can eventually secure human survival .  

3. Much research work is needed in these areas and the Environmental Audit Committee must 

question why so little has be done so far given the abject failure of international policy on 

reducing CO2 emissions. It is essential that work must now proceed to experimental and field 

testing under proper governance. 

4. The synergistic effects of a combined intervention strategy allows multiplication of the 

possible benefits as well as the potential of managing Arctic methane releases. 

 

4 Risk management, insurance and funding  
 

The EPA remit asks, “How successful has the Government been in promoting the UK as a centre of 

commercial expertise with direct relevance to the industries which are growing in the Arctic (e.g. 
insurance and risk management)?” 



The scientific evidence of rapid and catastrophic change and the necessity to start an immediate large 

scale global climate restoration strategy determines the unavoidable framework to which this  

question must be answered within. 

Without quickly developing an industry that can support a large scale climate restoration strategy, 

then the alternative will be to incur costs that will  be greater than the value of the global economy.20 

These costs will come about through large scale deaths due to heat exhaustion followed by the loss 

of much of the global economy and in particular nuclear power stations through extreme weather and 

sea level rise. Given the three body problem (described in Figure 1) where politics, economics and the 

environment are interconnected then there is the likely prospect of large scale war and conflict.  

Already, the main military blocks around the Arctic are reinforcing their military bases in this region 
and preparing for large scale conflict21. 

It is thus incumbent that a dialogue establishes how the costs of a large scale climate restoration 

strategy can be borne over long periods and to establish an approach that allows this to happen as 

quickly as possible and to do so before the global systems of governance fail under the stress of climate 

change. This is essential to provide a certainty of outcome to attract seed funding for the development 
work. 

One option is to have national governments fund the programme. However this is fraught with 

difficulties and unanswerable questions. For example, should the most polluting nations be the ones 

that contribute the most to the programme such as the USA and China, or should the fossil fuel 

producing countries contribute the most, such as Saudi Arabia, Russia and Australia. For all practical 

purposes the chance of any sort of agreement, given the fragile state that the global political system 
has already fallen into, is most likely to be near to zero. 

The alternative is to address the problem through the financial markets which increasingly transcend 
national boundaries and in particular the insurance industry.  

The insurance industry is already well aware of the risks of climate change. Its liabilities to insurable 

climate change losses are increasing exponentially while the returns they make on assets are 

stagnating as the global economy struggles to grow since the banking crisis in a foretaste of future 
economic conditions.  

In September 2015, the Bank of England completed its analysis of the climate change risk that the UK 

insurance industry faces22. 

While this report highlighted several important facts, it was also deficient in its analysis in a number 
of areas, these being: 

1. It is premised on the temperature rises being held at 20C through the INDCs of the COP21 

agreement and that the economic dislocation this would cause will primarily be limited to 

                                                                 
20 Cost of Arctic methane release could be ‘size of global economy’ warn experts  
http://www.cam.ac.uk/research/news/cost-of-arctic-methane-release-could-be-size-of-global-economy-warn-

experts 
21 Here’s what Russia’s military build-up in the Arctic looks l ike, Foreign Policy, 
http://foreignpolicy.com/2017/01/25/heres -what-russias-military-build-up-in-the-arctic-looks-like-trump-oil-
military-high-north-infographic-map/ 
22 The impact of climate change on the UK insurance sector; A Climate Change Adaptation Report by the 
Prudential Regulation Authority, Sept 2015 
http://www.bankofengland.co.uk/pra/Documents/supervision/activities/pradefra0915.pdf  

http://www.cam.ac.uk/research/news/cost-of-arctic-methane-release-could-be-size-of-global-economy-warn-experts
http://www.cam.ac.uk/research/news/cost-of-arctic-methane-release-could-be-size-of-global-economy-warn-experts
http://foreignpolicy.com/2017/01/25/heres-what-russias-military-build-up-in-the-arctic-looks-like-trump-oil-military-high-north-infographic-map/
http://foreignpolicy.com/2017/01/25/heres-what-russias-military-build-up-in-the-arctic-looks-like-trump-oil-military-high-north-infographic-map/
http://www.bankofengland.co.uk/pra/Documents/supervision/activities/pradefra0915.pdf


stranded assets. However, the UK government already acknowledges that the COP21 targets 

are so deficient that a 3.60C temperature increase is expected in the very best case.23  A 

temperature rise of this magnitude brings with it an existential threat to civilisation.   

2. Its claim that climate change risks can be amortised across other markets, such as with the 

FloodRe model which puts climate change insurance premiums on all households to cover the 

risk of those houses most threatened by climate change through sea le vel rise and river 

flooding is flawed. This model will eventually be overwhelmed with liabilities.  

3. Its lack of challenge to the energy sector only accounting for 4% of total UK premiums while 

being primarily responsible for the climate change risk which eclipses all other risks and to 

which everyone else is liable. 

4. Its failure to address its point that investments in long term policies sold by the insurance 

industry, such as life endowments and pensions, are at an extremely high risk of default due 

to the economic impacts of globally catastrophic climate change.  
 

The insurance industry is thus caught in a dilemma. It must continue to sell new policies to stay in 

business while knowing that these new policies are almost certain to result in serious financial loss for 

the investor or policy-holder. In so doing they are violating ethical, prudential and business guidelines. 

Potentially they are acting illegally by not disclosing the level of risk to investors and breaching the 

Solvency II insurance regulations of January 2016 which mandate that insurance companies 
implement appropriate risk management polices to ensure that their investors are properly protected.  

The insurance industry’s dilemma is also one for the rest of the global economy. Its business model 

will come under such pressure from climate change that it will collapse. This will be driven by the 

common mode effect that climate change has on risk profiles, making it impossible to amortise risk 

over a wide portfolio which is the modus operandi of the industry. Simultaneously with this, their 

returns on investments will fall.  Once one company collapses, the rest will quickly follow due to the 

interconnected nature of the insurance and re-insurance markets.  This will leave the global economy 

without an insurance industry and companies and individuals will no longer be able to insure 

infrastructure, staff and operations, which will be a critical issue in the higher risk world of the near 

future. Without insurance, few significant investments in productive operations will be made and the 

profits from those few will need to be both fast and excessive to justify the investment, which will be 
unsustainable. Rapid economic collapse will be unavoidable in this environment. 

It is thus incumbent on the insurance industry to proactively manage climate change risk rather than 

reactively amortise the costs in the manner of the FloodRe model that the Bank of England 
erroneously uses as an example of good governance of climate change risk.  

Our proposition is that to do to this, the insurance industry look to the energy sector which at present 

only pays a small 4% of the total UK insurance premiums and that it should impose a third party climate 

change premium on these companies which is proportional to the costs of remediating the climate 

change impact that they cause.  The premiums raised can then fund a climate restoration programme 
while at the same time act as a financial disincentive to the exploitation of fossil fuel.  

In this context, the climate change insurance premium becomes a de-facto carbon tax, but it can be 

set by the markets that will be incentivised to make it succeed. With almost no scope for government 

                                                                 
23 Note of meeting with the Department of Business, Energy and Industrial Strategy, 23 Aug 2016, 
https://media.wix.com/ugd/1741a6_067439520f224534ab4d34d88ea25114.pdf  
 

https://media.wix.com/ugd/1741a6_067439520f224534ab4d34d88ea25114.pdf


intervention and with global reach, the insurance industry will not be at the mercy of political change, 
mercantilism, wishful thinking, cowardice, obfuscation or denial.  

It is also easy to police, as any fossil fuel company that refuses to pay the climate change insurance 

premium is automatically denied access to the global insurance markets and will be unable to operate.  

It also has a higher probability of success than trying to implement international carbon tax 

agreements or carbon trading schemes as there are fewer key financial centres in the world than there 
are countries and they have less competing interests.  

4.1 Is the UK policy still fit for purpose in light of 
environmental and geopolitical changes?  

It is not clear what aspect of UK policy is being referred to in the question.  

However, UK policy is characterised by a general reversion to isolationism and nationalism as 

exemplified by the BREXIT referendum along with the abject failure to work for the common good by 

adhering to its own Climate Change Act (2008) through pursuit of high carbon and high energy 

developments such as the 3rd runaway at Heathrow and HS2. 

The UK is not alone in this position. All industrial nations are following similar policies whereby 

national self-interest is usurping working for the common good. Trump’s election and Putin’s rise are 
similar examples.  

Driving this is the common mode effect that climate change causes. This is already manifesting itself 

in mass migration, food shortages and war.  In these circumstances nations have no choice but to set 

policy to respond to short term threats that are in direct opposition to the long term actions necessary 
to ensure collective survival.   

The result is that the collective response to climate change is to solidify borders and to increase 

economic and military competitiveness.  These responses are the antithesis of agreeing to the mutual 

sacrifices and cooperation necessary to cut CO2 in accordance with the INDCs of the COP 21 

agreements and to manage the consequences of climate change. Thus, the collective response to 

climate change with the current strategy will not be to cut greenhouse gas emissions, but 

paradoxically to increase them due to the need to address the competitive stress that climate change 
causes. The result is a death spiral. 

As the COP agreements are unable to stop catastrophic climate change, they will equally be unable to 

stop the slide into a death spiral. This underlines that the ultimate purpose of the climate change 

agreements is no longer to stop climate change but, more mundanely, to delay the final descent into 
a collective free-for-all for as long as possible.  By definition, this can only be sustained for so long.  

The possible decision of the USA to pull out of the COP talks warns that this final free -for-all is now 

upon us. In it, the advantages will go to the nations that have military and economic advantage over 

the rest. For those nations that are in the ascendancy supporting a collective agreement that cannot 

succeed, (which in this case is tackling climate change by relying solely on carbon reductions), this 
would be irrational.  

Applying game theory to this predicament shows that with the combination of the large number of 

nations and the inter-connected issues between security, climate change and economics then the 



chance of agreeing to any worthwhile carbon reduction plan is less than picking a single atom at 
random from all the atoms that make up the planet24. 

The associated geopolitical change associated with the transition from attempting cooperation for the 

common good to a final free-for-all where preservation of national self-interest is the dominant 

objective is inevitable without a credible climate restoration programme that replaces false hope with 
a possibility of survival. 

 

4.2 A final summary and answer the question “what more can 
we [the UK] do?” 

Thus finally in answer to this question from the commercial sector of the remit, it is incumbent on the 
EAC to use this enquiry to: 

1. Present the case that as a consequence of Artic heating, billions in the tropics, sub tropics and 

desert regions will soon face conditions that will be too hot for summertime survival. 

2. Present the case that attempts to limit CO2 emissions have failed and given this failure then 

relying on CO2 reductions alone, while necessary, will not be sufficient to allow the Arctic 

climate system to stabilise. 

3. Present the case that with no attempt to stabilise the climate, then the insurance industry will 

face certain collapse and that investors in long term policies, such as life endowments and 

pensions, should be made be aware of the high probability that they face a near total loss of 

capital invested in these policies and that even with the Bank of England’s improbably 

optimistic outlook of the future climate25 this is already acknowledged. 

4. Present the case that the fastest way of sustainably funding a climate restoration programme 

is through the introduction of a third party climate change insurance premium on fossil fuel 

companies. 

5. Present the case that no computer model will ever be able to determine with confidence if a 

climate restoration strategy will succeed should the planet’s climate system go beyond the 

critical points of irreversibility, and thus lack of knowledge should not be used as an excuse 

not to proceed.  

6. Present the case that the Arctic meltdown necessitates that the UK immediately start funding 

R&D and building the industries and infrastructure to support a climate restoration 

programme.   

7. Present the case that the failure to act and to articulate a viable way forward to restore the 

climate will result in a destructive free-for-all. 

                                                                 
24 The Vortex of Violence And Why We Are Losing The War On Climate Change, Chapter 6, Kevin Lister,  

https://www.amazon.com/Vortex-Violence-losing-climate-
change/dp/150766267X/ref=sr_1_1?ie=UTF8&qid=1491424288&sr=8-
1&keywords=the+vortex+of+violence+and+why+we+are+losing+the+war+on+climate+change 
25 The impact of climate change on the UK insurance sector , Bank of England, Sept 2015, Sections 1.4, 3.66, 

3.7, 4.27 
http://www.bankofengland.co.uk/pra/Documents/supervision/activities/pradefra0915.pdf  
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