
This is the last section, slightly reworded, of a Chapter for 3
rd

 edition of Climate Change; Impacts on Planet Earth, written by 

yours truly.  The chapter is entitled ‘Greenhouse Gases and the Emerging Climate Emergency’.  The book will be published c. 

November 2020 by Elsevier.  This Chapter was submitted in January 2020, BEFORE the COVID pandemic had erupted in the UK.  

What is ironic is that  many of the suggestions I make in this Chapter about ‘What should we do’ to stop CO2 emissions etc. 

getting out of control are exactly what  ARE  now happening in the UK to stop the virus spreading in the UK.  I sincerely hope 

that we can learn from the COVID pandemic as we combat the Climate Emergency.  I am happy to send PDF of the complete 

chapter to anyone interested, email  r.p.tuckett@bham.ac.uk.       Richard Tuckett (University of Birmingham, UK)  /  27.4.20 

6.    WHAT HAS CHANGED IN THE LAST DECADE? 

6.1   Have public perceptions of greenhouse gases etc. changed?    This is a difficult question to answer, and any response is 

subjective.  But my view is that this is an issue that is getting into the psychology of the general public, even if opinions can swing 

with alarming rapidity.  The international UN convention in Copenhagen, Denmark in 2009 attracted huge publicity worldwide, 

even if it did not result in much tangible action.  An over-riding impression from television, alas, remains that of President Obama 

jetting into the country in Air Force 1 and jetting out 24 h later, rather missing the point that air travel is a serious component of 

carbon emissions.  The power of the internet increases exponentially with time, and it and social media are now major components 

of attracting multi-million petitions beseeching national governments to act.  Unfortunately, bad publicity can halt any positive 

momentum built up.  Reports at the same time, that the University of East Anglia in the UK had suppressed emails to international 

colleagues suggesting that the issues around global warming were not as serious as reported, were hugely damaging.  Many 

people now believe that ‘ClimateGate’ was a major contributor to the apparent failure of the Copenhagen Summit. 

  At a national level, Europe is leading the way and the UK has much to be proud of.  For example, the UK Government of 

the day in 2008 legislated to commit the country to a target of reducing greenhouse gas emissions by the year 2050 to less than 

20% of the levels they were at in 1990, with an interim target of reducing CO2 emissions by 2020 to less than 74% of the level in 

1990 [1].  In the last weeks of Prime Minister May’s tenure in July 2019, this target was strengthened and the UK now has an 

official target to be net carbon neutral by 2050.  Many pressure groups, however, think this is not quick enough, and there are 

different definitions of what net carbon neutral actually means.  In 2014, the European Union, of which the UK is (still just!) one 

of twenty seven members, committed to reduce CO2 emission to less than 60% of 1990 levels by the year 2030, and to produce at 

least 27% of its energy from renewable sources, and not from fossil-based fuels [2].  The former target is not dis-similar to that 

enshrined in UK law in 2008, but it applies to a much larger population and countries with a range of economies so its impact 

should not be dismissed.   

 

 

Figure 7 :    Emission of CO2 in calendar year 2018; global emission was 3.6573 x 10
10

 T opr 36.573 GT.  The size of the black 

circle is proportional to the amount of CO2 emitted by each country.  (Data, with permission, from 

http://www.globalcarbonatlas.org/en/CO2-emissions ) 
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The quoting of statistics in such percentage terms can seem rather bland, and at times is not very useful.  Furthermore, 

following Allen et al. in their major contribution to the IPCC Assessment Report 3 of 2001 [3], people are now talking much more 

about amounts of carbon-based fossil fuels in the atmosphere rather than concentrations of greenhouse gases with their arcane 

units of parts per million (or billion or trillion) by volume.  The UK and EU commitments in the previous paragraph can therefore 

usefully be expressed differently in units of metric tonnes (T) of CO2 emitted per person per year, again not exactly the most SI of 

units!  But it is convenient to use because the absolute values are finite and involve no large powers of ten, hopefully therefore 

more understandable by the public.  That said, averaging CO2 emissions of any country to a figure per person can be misleading 

because it includes the very young, very old and infirm who have no power to influence their contribution.  With that caveat, 

Figure 7 shows graphically where the CO2 was emitted in 2018 in different countries of the world, and Figure 8 shows how much 

CO2 was emitted per person per year from 1960 to 2018.  Data from Figure 8 are tabulated for some different countries in Table 

3.  In these units the UK average at the moment is 5.6, the US average 16.6, China 7.0, India 2.0, and the global average is 4.8.  

Nearly every country in the industrialised west has reduced their figure in the last 30 years since the first IPCC Assessment Report 

(AR1) was published, but the target for 2050 for everybody is below 1; this is the figure modellers predict is needed to avoid the 

worst effects of climate change in the next one hundred years, i.e. to limit the increase in global temperatures to 1.5 
o
C (or K) 

above that in pre-Industrial times.  By any standards, these are huge changes.  In 2014, President Obama finally committed the 

USA to a major reduction of greenhouse gases, but these policies have been reversed by his successor since January 2017.  The 

two largest populations in the world, China and India, have yet to declare any binding targets, their current levels are at the low 

end, but their per capita emissions have increased significantly over the last 30 years (Table 3).  This is unfortunate, because the 

over-riding reaction from Europeans effectively says: ‘what difference will anything I do as an individual make to this global 

problem, when China’s total emissions [especially] are so huge compared to those of European countries?’.  Binding target set by 

these countries would help Europeans believe that Asia was taking the issue seriously, and might help individuals in Europe do 

more themselves.  One should also not forget that it is the industrialised first-world countries in the west, mostly Europe and 

North America, that have, in the main, created the current problem. 
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Figure 8 :    Global emission levels of CO2 per capita (in T), and from seven countries over the period 1960 to 2018.  The world 

population has increased by 150% over this time period, but global emissions have risen more steeply from 9.3 GT to 36.6 GT 

(i.e. by 288 %).  Emissions per capita have therefore increased continuously from 3.1 to 4.8 T. (CO2 emissions, with permission, 

from http://www.globalcarbonatlas.org/en/CO2-emissions.  Population levels, with permission, from 

https://www.worldometers.info/world-population/world-population-by-year/.) 

 

 

Table 3 :   Amount of carbon dioxide individuals can emit if the increase in the Earth’s temperature is to be limited to 1.5 
o
C 

above the pre-Industrial era by the year 2100.  Historical data are given for the years 1960, 1990 and 2018, the units are metric 

tonnes (T) per person per year where 1 T equals 1000 kg.  In 2018 the total world emission of CO2 was 36.573 GT (or 3.6573 x 

10
10

 T) and the world population was 7.63 billion.  Data from http://www.globalcarbonatlas.org/en/CO2-emissions and  

https://www.worldometers.info/world-population/world-population-by-year.  All values of per capita emissions are 

approximated to one decimal point.  With the exceptions of China and India, per capita emissions started to reduce in all countries 

following the first IPCC Assessment Report 1 published in 1990.  

 

    Population / billion (2018)                 (1960) / T     (1990) / T     (2018) / T   (2100) / T 

_________________________________________________________________________________________ 

 

Planet Earth         7.63        3.1        4.3      4.8        < 1  

    -------------------------------------------------------------------------------- 

China           1.43        1.2        2.1       7.0        < 1 

India           1.35        0.3        0.7      2.0        < 1  

 Africa           1.28                  1         1                1        < 1 

 

EU average           0.51             8         9           7        < 1 

UK             0.07                  11.2        10.5    5.6        < 1 

Poland            0.04   6.8        9.9  9.1        < 1 

France            0.06   5.9        7.1  5.2        < 1 

Germany           0.08   11.1        13.3  9.1        < 1 

 

USA                           0.33                  15.5        20.3     16.6        < 1  

USSR Federation           0.29                 7.4        17.1  11.7        < 1  

 __________________________________________________________________________________________ 

 

 But perhaps most encouraging for the future, the mantra of the developed world for the last 50+ years has surely been 

that we must maximise growth, however that is defined, in all countries; only then will we prosper.  For the first time, in the last 

510 years when the science of global warming has become increasingly robust, I believe that many influential people are 

publically challenging this premise.  Such people are asking why is growth the paramount factor if it is leading to a planet which 

will be a very unpleasant place to live within the next 100 years.  This is almost a heretical view to take of criteria we should use 

(or not use) to define our position in the global world, and it turns the world of economics on its head.  I contend, however, that 

potential global warming is the ultimate global issue simply because it has the potential to affect every person on this planet.  

Therefore it is right to think anew, and if necessarily challenge the criteria on which countries have based their policies and 

lifestyles in the past 50+ years. 

 

6.2   What should we do?    An outpouring of guilt will get us nowhere and there are now many examples of excellent practice 

emerging from individuals, certainly in the UK.  For example, conservation of energy through double glazing and roof insulation 

of housing, generation of solar electricity through roof-mounted photovoltaic panels, the trend to driving smaller and more fuel-
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efficient cars (and probably electric cars will be the standard in only 10 years time), and the increase in bicycling and walking by 

healthy people are just four examples.  But one must be honest; these examples scratch at the scale of the problem and only the 

educated ‘converted’ are taking these actions.  National policies must be imposed, and although it goes against the instincts of all 

politicians to ‘tell people how to live their lives’, that is exactly what they must do.  And because this is an issue with the potential 

to affect the lives of every person on this planet, global solutions are needed and the normal ‘rules’ of economics cannot apply.  

So attempts to trade carbon, i.e. the ‘transfer’ through payment of emissions to other countries, cannot possibly succeed.  It 

amounts to rich countries buying permission to continue polluting the atmosphere, and is therefore a short-term solution of 

dubious morality to a long-term global problem.  It is doomed to fail. 

 If the atmosphere is to be de-carbonised, in simple terms this becomes an issue of supply and demand.  Certainly in the 

UK, much of the debate to date has concentrated on the supply side; what is the best low-carbon way to provide the energy needed 

for its growing population?  Others in this book may write with more knowledge about possible ways to (a) change our energy 

policy to become less reliant on the burning of conventional fossil fuels, (b) ways to trap emissions of greenhouse gases, and 

possibly (c) engage in geo-engineering to reduce incoming radiation from the sun as a means to control our increasing 

temperature.  Under category (a) falls a renaissance in nuclear energy, and possibly the huge expansion of fracking, the release of 

shale gas reserves from deep within rocks.  Whenever the former policy seems to be gaining favour, a serious accident, such as 

that at Fukushima in northern Japan in 2011, can set the clock back by decades.  Germany changed almost immediately to a 

nuclear-free energy policy, and the UK has not yet committed to a big expansion in this technology that seemed likely in the 

decade before 2011.  (It is ironic that whilst Green parties have considerable political influence in Germany, their emissions of 

CO2 have always exceeded the EU average (Table 3) because, especially post-2011, they rely on carbon-burning coal for much of 

their energy.)  The risks involved in following the latter policy of fracking are significant, if only because of the large increases in 

methane gas in the atmosphere that are likely to happen; nothing can change the science that one molecule of CH4 will cause 28 

times as much damage to the world’s climate as one molecule of CO2 over the next hundred years.  The potential benefits of 

nuclear energy, however, are considerable if only because it is a carbon-free technology, but the problems of nuclear waste remain 

still effectively unsolved.  Categories (b) and (c) can simply be interpreted as possible solutions to a problem that has been 

allowed to develop unchecked. 

Much less comment has been made on the demand side, and how lifestyles could adapt to mitigate the worst excesses of 

the climate emergency.  This is understandable because personal choices will become involved, but this situation is changing 

rapidly with the increasing influence of Thunberg and Extinction Rebellion.  Surely it is also sensible to follow the advice of 

Ravishankara and Lovejoy [4] and reduce the amounts of emissions of damaging greenhouse gases into the atmosphere in the first 

place.  In simple language, use less energy!  I divide possible solutions into three sections:  (i) relatively easy to implement, 

however painful, (ii) much harder to implement, but surely possible if we are serious about this issue, and (iii) incredibly complex 

issues that must be addressed, probably by the United Nations.  For individuals in the UK, they can be summarised easily:  fly 

less, drive cars less and walk / bike more, insulate your home properly, eat less meat, and have fewer children.  

 

6.2.1    Easy to implement :   Nobody can turn back the clock on scientific progress.  The challenge therefore to reducing our 

dependence on fossil fuels and save energy is to devise policies that may seem retrospective, but do not reduce the standard of 

living of the population and negate all the benefits that technology has brought us in the last 200 years.  That said, in the author’s 

and many other opinions, some solutions are obvious.  An excellent book, Sustainable Energy – without the hot air written by 

MacKay in 2009, and available free on the internet, shows where the UK emissions come from at a personal level [5].  The figures 

are now ten years out of date and, very sadly, the author died at a young age in 2016 so they have not been updated.  However, in 

2009 MacKay believed that, on average, every person used 125 kWh of energy per day.  Any suggestions for actionmust be 

country specific.  In the UK, he estimated that wearing more clothes and turning down thermostats by a few degrees both at home 



and work might reduce this figure by about 20 such units; stopping flying might cause a reduction of 35; modifying our means of 

transport within the UK by driving less and biking or walking more might reduce this figure by about 20; avoiding packaging and 

the buying of clutter, however defined, might cause a huge reduction of 20; and becoming vegetarian might cause a reduction of 

10 kWh per person per day.  These are all big percentage changes, even though one accepts that there are huge errors in the 

numbers estimated.  It is a reasonable question, however, to ask which of these could be turned into UK national policies, with 

exceptions built in for vulnerable groups such as the young, the old, the disabled and the infirm. 

 It is appropriate to make some comments on the two different units now commonly used in scientific papers or books: 

emission of CO2 in tonnes (T) per person per year, where 1 T equals 1000 kg, and energy usage in kilowatt hours (kWh) per 

person per day.  They measure different aspects of the emerging climate emergency, but essentially both need to have low values.  

There is no single inter-conversion factor between the two because it depends how the energy is produced, but roughly 1 T of CO2 

emission is equivalent to using between 3000 and 5000 kWh of energy; the former figure applies if burning hard coal, the latter if 

burning natural gas is the source of energy [6].  MacKay’s figure in 2009 of 125 kWh energy per day is therefore equivalent to ca. 

15 or 9 T per year of CO2 emission if burning coal or gas is the main energy source.  This agrees with data from the World Carbon 

Atlas (Fig. 8) that the UK average in that year was 7.9 T per person per year, given that some people have always been incredibly 

economic with energy usage. 

 It is suggested that the working temperature for employees in offices often considerably exceeds the guideline of 16 
o
C  

minimum by several degrees; this minimum should become the norm.  MacKay effectively also asks whether we must live only in 

shirt sleeves for our waking hours [5].  Could European health and safety legislation be modified to reduce un-necessary 

packaging on much food and ‘excess clutter’?  The UK legislation of 1994 that allowed for Sunday trading for six hours per day 

could be reversed; Sunday closing remains the law in Switzerland, and it is probably the richest European country.  Demand for 

domestic air travel within a small country such as the UK could be priced out of the market, with a corresponding investment then 

increase in rail travel.  (Hopefully this will happen when the High Speed 2 (and HS3, HS4 …) train routes from London to the 

north of England / Scotland are completed.)  One could ask further whether much long-distance air travel for business meetings is 

really necessary, and whether technology can assist; the Skype principle for 1:1 conversations has already been extended so that 

now more than two people can easily meet remotely.  Could academia set an example, with remote conferences, especially talks 

by plenary lecturers, becoming more common?  Many other simple-to-enact policies could be rolled out quickly.  Two examples 

might be free insulation of roofs and double glazing in all domestic housing, and a huge investment in cycle routes to make the 

bicycle a safer and more child-friendly means of local transport.   

 Use of private cars in the UK is an interesting example of how people fixate on one particular issue, but ignore the bigger 

picture.  At the start of this century, all the talk focussed on carbon reduction, and diesel became ‘in’ and petrol became ‘out’.  

Fifteen years later, the focus changed to quality of air in cities, so suddenly diesel has also become ‘out’.  In twenty years time, all 

new petrol and diesel cars will have been phased out, the electric car revolution is just starting, but already there is concern about 

the load on the grid as all cars regularly need re-charging.  Nobody seems to have said the obvious, that perhaps the UK should 

somehow rid itself of its love affair with the motor car, and we drive less.  If the annual usage of an average car in the UK was 

reduced from 10,000 to 5,000 miles, the saving in CO2 emissions is estimated to be about 2 T.  If car usage were to decrease 

significantly, then perhaps employment patterns could change.  Is it sensible for a couple to work midway between two places of 

employment, with one person driving, say, 30 miles in one direction, the other driving 30 miles in the opposite direction five days 

a week?  Today this is common practice.  Perhaps a huge roll-out for office-based personnel of working certain days a week from 

home, helped by technology and significant Government financial help, could be the way forward?  Perhaps there could be 

financial incentives to work and live a smaller distance apart than is often the case currently in the UK? 

 The author accepts that, at the age of 66, it is easy to make such suggestions.  Would he write the same if he were now 26 

years old?  Probably not.  For example, is it realistic in 2019 to ask every person in the UK to stop flying?  The answer has to be 



‘No’.  Furthermore, flying to other countries over the last 70+ years has bought enormous benefits to human understanding of 

other cultures and has made the world a better place.  All this chapter can do is give data, make suggestions, and leave individuals 

and Governments to make their choices.   

 

6.2.2    Moderately difficult to implement :   Individuals can only do so much.  At this point, national Governments should move 

in, accepting that many of their policies might be deeply controversial, cost money, and lose votes.  I highlight two such issues.  

The unit of carbon emission that everyone would understand is the cost to their pocket.  All developed countries could therefore 

move to a system of taxation whereby the principle of ‘polluter pays’ becomes dominant.  A universal carbon credit card could 

then result where money is charged for excess use of domestic energy, road usage, and certainly air travel.  This idea was mooted 

for road travel by the UK Government fifteen years ago, but was quickly dropped when public reaction, to say the very least, was 

negative.  Prime Minister Blair infamously also then said that climate change would not be solved by everyone stopping flying; he 

was surely correct in saying it was inconceivable for all air travel to cease, but it might have helped if he had suggested that 

individuals review the necessity of their air travel.  Canada has mooted a carbon tax for the last 10+ years but nothing so far is 

implemented.  If one developed country implemented such a policy, others would surely follow rapidly but nobody wants to be 

first.  Now that climate issues are top of the political agenda in almost all developed countries, this could change rapidly. 

 A different issue concerns food production, what we eat, and where the food comes from.  The more anyone looks at the 

food supply chain, the more baffled s/he becomes.  For example, why does food often travel such huge distances between source 

and consumption?  Is it necessary?  For the last sixty five years since the end of rationing in the UK, the principle that the 

customer has a paramount right to food at the cheapest price and at any time of year has swept aside environmental consequences: 

excess use of fossil fuels for food transportation and preservation.  We could then address what we eat.  Cattle use much limited 

land for grazing, and there is a strong argument that we should reduce meat consumption, if not become vegetarians of whatever 

strictness; a policy effectively advocated by MacKay, thereby also reducing methane emissions, see below.  The population then 

may reduce its dependency on cattle as a source of food, including dairy products. 

For the last few decades, CO2 and CH4 together contribute ca. 8085% of the total radiative forcing of long-lived 

secondary greenhouse gases [7], but it is naive to say that reduction of CO2 levels alone will be the complete solution.  In simple 

terms, atmospheric CO2 levels correlate loosely with lifestyle of the population, and with serious effort, especially in the 

developed world, huge reductions are possible; examples are given earlier in the Chapter.  In the author’s opinion, however, CH4 

poses just as serious a threat as CO2 simply because its level, whilst smaller than that of CO2, will be much harder to reduce.  

Whilst it remains unclear why the radiative forcing of methane, currently between 0.5 and 0.6 W m
2

 depending on the method 

used for its determination, has shown little change over the last two decades, a major component of its emissions correlates 

strongly with the number of animal livestock which itself is dependent on the world population.  Note also that it is due to the 

potential for huge increases in methane emissions following shale-gas fracking in the UK that this technology should be rejected 

here.    

 These two issues of carbon taxing and food apply to all developed countries, and different places will implement 

different means to tackle them.  On the author’s scale, however, these issues are moderately difficult to solve, but such painful 

projects must be addressed if Planet Earth is going to be a pleasant place to live for the majority of its population. 

 

6.2.3    Incredibly difficult to implement :    The population of the planet dominates this category, and the figures are stark [8].  

Fifty years ago the population was 3.6 billion (3.6×10
9
), today it is 7.7 billion and may rise to ca. 11 billion by the year 2100, with 

the large majority of growth expected in sub-Saharan Africa and Asia.  Whilst 75% of the world’s population currently live in 



these two continents, that figure is predicted to grow to 82% by the end of the century.  Conversely, the population of Europe, 

currently ca. 0.5 billion, is predicted to decrease both in absolute terms and as a percentage of world population.  This is an 

emotive and complex issue, with a range of views whether world population is or is not an issue in the climate argument.  Both 

sides of this argument are probably correct.  The per capita CO2 emission and usage of energy is vastly smaller in many third 

world countries, especially Africa, compared to the first world (Table 3), and therefore it may seem hypocritical for the latter to 

criticise population levels in the former; they are focussing on the wrong problem [9].  Up to a point this is true, and a carbon tax 

($6.2.2) over time should reduce carbon usage in the first world.  But the fact remains that, once born, every person will need 

housing and feeding for their lifetime, as repeatedly pointed out by many high-profile individuals and pressure groups [10].  A 

global scarcity of water will also become increasingly serious if population levels grow too much; South Africa has become the 

first major country to face just this problem in the last year.  For these reasons, this author believes that world population is an 

important issue in the climate debate. 

If this contentious point can be accepted, population control on a world-wide scale has to be discussed openly and the 

subject cannot be avoided if carbon emissions are to be controlled.  This is one policy area that even the most outspoken politician 

is reluctant to discuss.  The current message from the West is mixed.  First-world countries have always believed in the absolute 

right of individuals to make their choice of family size independent of the State, but their Governments could exert influence by 

limiting financial access to the State for families above a certain size.  That said, family sizes in the West decreased significantly 

once contraception became freely available in the 1960s, but ironically no Government wants population levels to drop too much 

because of loss of revenue from taxation.  To take four current examples, Japan is worried simply about how few children are 

being born to provide sufficient tax revenues in their working years, China is also becoming increasingly concerned about who 

will look after their elderly, whilst Australia and Denmark (to name but two) are almost bribing couples to have more children.  

(China has not gone that far, but is now encouraging its huge population to have more children, a complete U-turn on its one-

child-per-family policy from 1980 to 2016.)  Conversely, the leaders of the Catholic Church, comprising ca. 15% of the world’s 

population and much of it in poorer countries, will not discuss the matter in public, believing in the absolute sanctity of life and 

refusal to accept any form of contraception.  The situation is a mess, but any discussions must surely start with sub-Saharan Africa 

and Asia because projected increases here, especially in the former, are the greatest. 

Controlling the increase of, let alone reducing, world population levels is a huge policy area that calls for inter-

Government agreements at all levels. It calls for patience and understanding of others’ lifestyles in different Continents, a ‘one 

size fits all’ policy will not work, and compromises from currently-held positions will be needed.  For all its faults and decreasing 

respect with which it is viewed, the United Nations is surely the only global organisation that could lead on this issue; it could 

become their major policy directive for the next few decades.  World leadership is surely needed to bring about this step change in 

public perception and subsequent action.   
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