
 

Abstract—It is widely believed that the burning of fossil fuels has 
increased the CO2 content of the atmosphere (Step 1), which in 
turn has led to global warming (Step 2), which in turn has caused 
climate change (Step 3) which is characterized by an increase in 
the frequency and magnitude of extreme events, which in turn will 
render parts of the globe uninhabitable (Step 4). 

Each step in this line of argument is examined. The evidence for 
the first is good; that for the second very weak (it is difficult to say 
how much of the observed warming is natural). The third step has 
no factual basis, and it is demonstrated why it is difficult to 
determine the frequency of extreme events, let alone any changes 
in that frequency. Accordingly the fourth step in this line of 
argument must be regarded as fictional at best.  

 It transpires that, during the time it has taken us to gain a proper 
understanding of “climate change”, the cost of renewable energy 
has fallen to the point where many renewable technologies are now 
competitive with fossil power generation. Economics now drives 
renewables, making them all the more sustainable than they were. 

Index Terms— Climate change, Habitability, Extreme 
events, Global warming, Carbon dioxide  

1 INTRODUCTION  

There is a widespread belief that the combustion of fossil 
fuels to supply energy will lead to such phenomena as an 
increase in the magnitude and frequency of extreme weather 
events, or the rapid rise in the sea level that will render 
uninhabitable large areas of the globe which presently 
support millions of people [1,2].  The arguments leading to 
this belief are straightforward, but unfortunately while some 
of the arguments are solidly based on fact, others wander 
into the realm of fiction. In this paper we examine the line of 
argument to identify what has a high degree of support, and 
where the argument leaves the rigour of science for the stuff 
of dreams. 

There are basically five steps that are followed in 
concluding that “climate change” will make much of the 
world uninhabitable: 

1. The observation that the carbon dioxide (CO2) 
content of the atmosphere is rising. 

2. The observation that the rise in CO2 in the 
atmosphere is largely paralleled by the increase in 
fossil fuel combustion. Combustion of fossil fuels 
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clearly results in emission of CO2, so it is eminently 
reasonable to link the two increases. 

3. The observation that CO2 can scatter infra-red over 
wavelengths primarily at about 15 µm.  Infra-red of 
that wavelength, which should be carrying energy 
away from the planet, is scattered back into the 
lower troposphere, where the added energy input 
should cause an increase in the temperature. A 
photon of about 15µm wavelength absorbed by a 
CO2 molecule is almost instantaneously re-emitted 
in a different direction with a slight loss of energy. 
The CO2 molecule gains a very small amount of 
energy in the process, insufficient to raise its 
temperature significantly. This explanation is 
somewhat simplistic, because the whole of the 
troposphere is radiating, and because the 
temperature drops with altitude, at about 10oC/km 
for dry air and 6oC/km for moist air. The height of 
thermal equilibrium is about 5km above sea level, 
which is why the surface is about 6x5 = 30oC 
warmer than it would have been if there were no 
greenhouse effect.   

4. The expected increase in the energy of the lower 
troposphere may cause long-term changes in the 
climate and thermosphere, which will be 
characterized by increasing frequency and/or 
magnitude of extreme weather events, an increase in 
sea temperatures and a reduction in ice cover. 

5. These phenomena may make areas of the globe 
uninhabitable either through extreme drought or 
flooding in the worst cases, but perhaps more subtly 
through impacts on the biosphere as a whole to 
which mankind is unable to adapt. 

Thus in this paper we examine each of these steps, and 
enquire into the soundness of the hypothesis underlying 
each step.  

2 CO2 IS RISING 

The observations underlying the increase in CO2 in the 
atmosphere are incontrovertible. Fig. 1 shows the data from 
the Mauna Loa observatory [3]. 

 
Fig. 1.  The increase in atmospheric carbon dioxide [3] 
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There were no continuous data before 1958 but there 
were regular readings taken around the world as early as 
1850.  Fig.2 extends the data of Fig.1 back to 1850 with 
information from [2]. 

 
 

  
Fig. 2.  The increase in atmospheric CO2 since 1850 
The historical atmospheric concentrations were of the 

order of 280ppm.  They rose gradually until the middle of 
the 20th century, and then accelerated sharply and have 
continued to accelerate until today.  

 

3 FOSSIL FUEL COMBUSTION AS THE CAUSE OF THE 

INCREASE 

There is a very strong relation between the rise in CO2 
shown in Fig.2 and the consumption of fossil fuels as shown 
in Fig.3 [2] Even the slight surge  in emissions after 1900 
and the subsequent flattening until 1950 is reflected in the 
emission profile. 

 
Fig. 3.  The increase fossil fuel combustion since 1850 [2] 
Other lines of evidence include changes in the 13C 

concentration [4].  Fossil fuels have less of the stable isotope 
13C than found in the atmosphere before about 1950. The 
concentration of 13C in atmospheric CO2 has been 
decreasing steadily over the past 35 years as shown in Fig.4.  

 
Fig.4.The drop in 13C concentration since 1980 [4] 
The evidence is thus quite conclusive that fossil fuel 

combustion has led directly to the observed increase in 
atmospheric CO2. 

4 RISING CO2 AND TEMPERATURE INCREASES 

4.1 The CO2 effect 

Many species, particularly water vapour, scatter infra-red 
radiation.  Our globe emits radiation into space at a 
temperature of about 300oK, which has a peak between 
about 7 and 20µm. Carbon dioxide has an absorption peak at 
about 15µm, so it has a significant impact on the energy 
which can be radiated into space, as Fig. 5 indicates. 

 

 
Fig.5.The emission spectrum of the planet seen looking down 

from space for ~280ppm CO2.[5] 
However, the impact of the absorption follows a 

logarithmic law – the effect of increasing concentration 
drops rapidly and above about 800ppm there is little 
increase in the effect. The absorption band is “saturated”. 

4.2 Greenhouse gases 

 There are, of course, other gases and vapours which 
absorb in the infrared and therefore constitute “greenhouse 
gases.” Chief among these is water vapour, as Fig.5 shows. 
Others are ozone, N2O, CH4 and a range of fluorocarbons 
and chlorofluoro carbons. Their effect is measured with 
respect to the effect of CO2.  Moreover, they break down 
slowly in the atmosphere, so their effect becomes less with 
time. So, for instance, after 29 years, CH4 has 84 times the 
effect of CO2, which drops to 27 times the effect after 100 
years [6]. The total effect other than the effect of water 
vapour can be calculated, given the concentration of all 
greenhouse gas species in the atmosphere. The result is 
expressed as the CO2 equivalent, or CO2e, and the total 
impact on the outgoing energy is referred to as “radiation 
forcing”, RF: 

 “the net change in the energy balance of the Earth system 
due to some imposed perturbation. It is usually expressed in 
watts per square meter averaged over a particular period of 
time and quantifies the energy imbalance that occurs when 
the imposed change takes place.”[6] 

4.3 The effect of doubling the CO2e concentration 

Once the radiation forcing is known, then the change in 
temperature is given by: 

ΔT = λ.RF 
where λ is known as the “climate sensitivity parameter,” 

expressed in oK.m2.W-1. Unfortunately it is not calculable, 
and only indirectly measurable. The equilibrium climate 
sensitivity (ECS) refers to the equilibrium change in global 
mean near-surface air temperature that would result from a 
sustained doubling of the atmospheric CO2e concentration. 
The IPCC [6] has expressed great confidence in the ECS not 
having a value below 1, and very likely to have a value 
between 1.5 and 4.5 oK, but this result is derived from fitting 
global circulation models to historical data, and the models 
have several identifiable errors in them.  
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In particular, all the models predict that, between the 
tropics, the upper troposphere should be warming faster than 
the surface. However, both satellite and weather-balloon 
data show that it is not, as Fig. 6 indicates. 

 
Fig. 6.  The measured and modelled rate of temperature change as 
a function of altitude (expressed as pressure, Pa) [7] 

 The black squares represent the mean of three different 
data sets, and the black line represents the mean of 25 
separate models. At ground level (10 000Pa) the 
measurements show warming at about 0.1oC per decade, 
whereas the models show warming at about 0.2oC per 
decade. At about 2500Pa (10 000m), the measurements 
show warming very slightly above 0.1oC per decade, while 
the models average 0.4oC with some as high as 0.6oC per 
decade. This is a massive discrepancy, sufficient to destroy 
any confidence in the utility of the models.  Some physical 
phenomena are not being captured in the models.  It seems 
likely to be in the physics of clouds and their impact on both 
radiative and convective aspects of the atmosphere. 

The net result is that there is now minimal confidence in 
the IPCC’s estimate of the equilibrium climate sensitivity 
being between 1.5 and 4.5 oK.  Lindzen and Choi, for 
instance, estimate the sensitivity to be less than 1, implying 
significant negative feedbacks in the system that are not 
taken into account in the models [8].  

4.4 Measurements of temperature  

There are estimates of global temperatures based on data 
going back to the mid-19th century. These typically report 
the average daily temperature as the mean between the daily 
maximum and the daily minimum. The measuring station is 
supposed to be in a relatively isolated location, free from 
any human or other thermal influences, and is also supposed 
to be so arranged that it measures an air temperature free of 
any radiant effects. The reported results are then corrected 
for altitude. 

It is worth noting that comparatively few measurements 
stations are correctly sited. A study in the United States 
found that the correctly sited stations yielded a rate of 
warming of 0.155oC/decade, whereas the improperly sited 
stations showed 0.248oC. After “adjustments” similar to 
those discussed below, all stations showed 0.304oC 
warming. [9]   

To obtain a global temperature, all the results from a 
single area are combined, and the whole of the globe 

covered by similar-sized areas finally averaged. A typical 
record is shown in Fig.7.[10] 

Fig. 7.  The latest version of the global temperature record. The 
abscissa records the difference from an average 1950-1980 
temperature, known as the “temperature anomaly”.[10]  
Of note is the relatively steep rise in global temperatures 

between 1910 and 1945, followed by a drop until 1980 and a 
further rise until about 2000. Figure 2 showed how CO2 
concentrations in the atmosphere only really increased after 
about 1945, so the warming before 1945 must have been due 
to something other than CO2, as must the cooling observed 
after 1945.  

There are obviously some other drivers of the global 
temperature than CO2, and it has been reported that, over a 
period of a century, there is an excellent probability of the 
global temperature varying by more than 1oC but only a 
small chance (5%) of it varying naturally by more than 2oC 
[11]. The total warming that is shown in Fig.7 for the 20th 
century amounted to only about 0.8oC. Any warming due to 
CO2e can only have had an impact in the second half of the 
century.  It is thus very likely that any warming caused by 
greenhouse gases has been hidden by the natural variation.   

Unfortunately the official record of temperatures has 
been the subject of “adjustments”. While some adjustment 
of the raw data is obviously needed, such as that for altitude, 
the pattern of adjustments has been such as to cool the past 
and warm the present, making global warming seem more 
serious than the raw data warrants.  Fig. 8, for instance, 
compares the last 20 years of data both as adjusted 
(HADCRUT) and as recorded by satellites (RSS). [10] 

 
Fig. 8.  Comparison of adjusted data and satellite data (satellite 

data offset 0.3oC cooler) [10] 



The satellite data shows the warmest years as 1998, 2010 
and 2011; the adjusted data has the warmest year in 2007, 
the next in 1998 and the third in 2002. 

It may seem unreasonable to refer to the HADCRUT 
data as “adjusted”, but its basis is what is known as the 
Global Historical Climatology Network, or GHCN. Figure 9 
shows the raw data for Cape Town, 1880-2011and the first 
level of adjustments made to the data in developing GHCN 
Ver. 3[12] 

 
Fig. 8.  Comparison of raw and adjusted data for Cape Town [12] 

 
Several features of the adjustments are apparent: 

 All data prior to 1909 has been discarded 
 All data between 1909 and 1959 has been 

adjusted downwards, for most of that period by 
exactly 1.1oC. 

 The data between 1960 and 1995 has been 
adjust upwards to varying degrees 

 The net effect has been to change a cooling of 
about 0.4oC over 135 years to a reported 
warming of 1.4oC over 95 years 

The Goddard Institute for space studies was approached 
for the metadata underlying these adjustments. They 
provided a single line of data, giving the station’s 
geographical co-ordinates and height above mean sea-level, 
and a short string of meaningless data including the word 
“COOL”. The basis for these adjustments is therefore 
unknown, and the fact that about 40 successive years of data 
were “adjusted” by exactly 1.10oC strongly suggests fingers 
rather than algorithms were involved. The data from other 
South African cities have been adjusted in a similar manner, 
and a paper in this connection has been submitted for 
publication [13]. 

4.5 Conclusions regarding global warming 

There seems little doubt that the Earth has warmed over 
the last couple of centuries.  Glaciers have retreated, snow-
lines risen. But the observed temperatures are not unique. 
For instance, the melting of ice on Alpine passes in Europe 
has revealed paths that were in regular use a millennium 
ago.  The detritus cast away by those ancient travellers is 
providing a rich vein of archaeological material [14].  

The world was at least as warm a millennium ago as it is 
today. It has warmed, but much of the warming is natural in 
origin, and has nothing to do with human activities.  We do 
not even have a firm idea as to whether there is any impact 
of human activities at all, and certainly cannot say how 

much of the observed warming has an anthropogenic origin. 
The hypothesis that we can predict future climate on the 
basis of models that are already known to fail is false. 
International agreements to control future temperature rises 
to XoC above pre-industrial global averages have more to do 
with the clothing of emperors than reality. 

5 GLOBAL WARMING AND CLIMATE CHANGE 

There is a hypothesis that the observed warming will 
cause “climate change”. First, what is “climate”? It is the 
result of averaging a climatological variable, such as rainfall 
or atmospheric pressure, measured typically over a month or 
a season, where the average is taken over several years so as 
to give an indication of the weather that might be expected 
at that month or season. 

Secondly, the meaning of “change” must be noted. In 
this context it clearly means that the average of the 
climatological variable chosen over X number of years will 
differ from the same variable averaged over a different set 
of X number of years.  But it is readily observable that the 
weather changes from year to year, so there will be a natural 
variation in the climate from one period of X years to 
another period X years long.  One therefore needs to know 
how long X must be to determine the natural variability and 
thus to detect reliably any change in the measured climate. 

In fact, this aspect of “climate change” appears to have 
been overlooked in all the debate about climate change.  It 
seems to be supposed that there was a “pre-industrial” 
climate, which was measured over a large number of years 
before industry became a significant factor in our existence, 
and that the climate we now observe is statistically different 
from that hypothetical climate. 

The problem, of course, is that there is very little actual 
data from those pre-industrial days, so we have no means of 
knowing what the climate really was.  There is no baseline 
from which we can measure change.  

Faced by this difficulty, the proponents of climate 
change have modified the hypothesis. It is supposed that the 
observed warming of the earth will change the climate in 
such a way as to make extreme events more frequent. This 
does not alter the difficulty; in fact, it makes it worse.  

To illustrate, assume that an extreme event is one that 
falls outside the 95% probability bounds. So in 100 years, 
one would expect 5 extreme events on average.  Rather than 
taking 100 years of data to obtain the average climate, there 
are now only 5 years to obtain an estimate of the average 
extreme event, and the relative error in averaging 5 variable 
events is obviously much larger than the relative error in 
averaging 100 variable events. 

The rainfall data for England and Wales demonstrates 
this quite convincingly [15].  
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Fig. 9.Rainfall for England and Wales between 1766 and 2015[15] 

 
The detrended data are close to normally distributed, so 

that it is quite reasonable to use normal statistics for this 
illustration. The 5% limits are thus two standard deviations 
either side of the mean.  In the 250-year record, 12.5 
extreme events (defined as those outside the 95% bounds) 
would be expected.  There are 7 above the upper bound and 
4 below the lower bound, or 11 in total. Thus it requires 250 
years to get a reasonable estimate (within 12%) of the 
frequency of extreme rainfall.  There is no possibility of 
detecting any change in this rate over time, as would be 
required to demonstrate “climate change”. 

Indeed, a human lifespan is insufficient even to detect 
the frequency of the extreme events shown in Fig.9.  In 
successive 60-year periods, there are 2, 4, 2 and 2 events, an 
average of 2.5 events with a standard deviation of 1.0. There 
is a 95% chance of seeing between 0.5 and 4.5 extreme 
events in 60 years, where 3 (5% of 60) are expected. Several 
lifetimes are necessary determine the frequency with any 
accuracy.  

As shown in the previous section, it is known to have 
been warming for about last 150 years. If warming had 
resulted in more extreme weather, it might have been 
expected that there was some evidence for an increase in 
extreme events over that period. The popular press certainly 
tries to be convincing when an apparently violent storm 
arises, but for all the climatological indicators that have 
reasonable data going back at least 100 years, there is no 
sign of any increase in frequency of extreme expressions of 
that indicator.  

For instance, there have been many claims that tropical 
cyclones are increasing in their frequency and severity.  The 
World Meteorological Organisation has examined this claim 
[16] and reports: 

 “It remains uncertain whether past changes in tropical 
cyclone activity have exceeded the variability expected from 
natural causes.” 

However, it is true that the damage from cyclones is 
increasing, but this is not due to more severe weather.  It is 
the result of there being more dwellings, and each dwelling 
being more valuable, than was the case 20 or more years 
ago.  Over a century of data was carefully analysed to reach 
this conclusion [17].  The IPCC [2] concurs with this 
finding. 

6 ARE LARGE AREAS LIKELY TO BECOME 

UNINHABITABLE? 

The findings reported in the previous section make it 
apparent that severe weather of any kind is most unlikely to 
make any part of our planet uninhabitable – that includes 
drought, severe storms and high winds. In fact, this is not 
too surprising – humanity has learned how to cope with 
extreme weather, and human beings occupy regions from 
the most frigid to the most scalding, from sea level to 
heights were sea-level-dwellers struggle to breath. Not only 
are we adaptable, but we have also learned how to build 
structures that will shield us from the forces of nature.  

Of course, such protection comes at a cost. Not everyone 
can afford the structures needed for their preservation.  
Villages are regularly flattened by storms that would leave 
most modern cities undamaged. Flood control measures are 
designed for the one-in-a-hundred year events, and they 
generally work – whereas low-lying areas in poor nations 
are regularly inundated for want of suitable defences. 

Indeed, it is a tribute to the ability of engineers to protect 
against all manner of natural forces.  For instance, the 
magnitude 9 Tōhoku earthquake of 2011 (which caused the 
tsunami that destroyed the reactors at Fukushima) caused 
little physical damage to buildings, whereas earlier that year, 
the “mere” magnitude 7 earthquake in Wellington, New 
Zealand, toppled the cathedral. 

Probably the greatest fear that significant areas of the 
globe will become uninhabitable due to “climate change” is 
the fear of a rising sea level swamping large areas near the 
coast. 

First it needs to be recognized that the sea level is rising. 
It has been rising for about the past 25 000 years (Fig.10) 
[18]. However, for the past 7 millennia is has been rising 
slower than ever before.  

 
Fig. 10. Measurements of the sea level (m) over the past 36000 
years [18] 

The critical question, however, is whether the observed 
slow rate of rise has increased as a result of the warming 
climate. There are several lines of evidence that it has not.  
One is the long-term data from tide gauges. These have to 
be treated with caution because there are areas where the 
land is sinking (such as the Gulf of Mexico, where the silt 
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carried down the Mississippi is weighing down the crust), 
and others where it is rising (such as much of Scandinavia, 
relieved of a burden of a few thousand metres of ice about 
10 000 years ago). 

A typical long-term tide gauge record is shown in Fig. 
11. [19] 
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Fig. 11.  Tide gauge record from Battery Point, New York, USA 
[19] 

The 1860-1950 trend was 2.47-3.17mm/a; the 1950-2014 
trend was 2.80-3.42mm/a, both at a 95% confidence level. 
The two trends are statistically indistinguishable. There is 
<5% probability that they might show any acceleration after 
1950. 

Another line of evidence comes from satellite 
measurements of sea level.  Fig.12 shows the latest available 
satellite information – it only extends back until 1993[20]. 
Nevertheless, the 3.3±0.3mm/a rise in sea level is entirely 
consistent with the tide gauge record.  

 

 
 

Fig. 12. Sea level changes from satellites.[20] 

Thus several lines of evidence point to the present rate of 
sea level rise being about 3mm/a or 30cm per century. Our 
existing defences against the sea have to deal with diurnal 
tidal changes of several metres, and low-pressure-induced 
storm surges of several metres more.  The average height of 
our defences above mean sea level is about 7m, so adding 
0.3m in the next century will reduce the number of waves 
that occasionally overtop the barrier. 

The IPCC [2] predicts (using its rather suspect models) 
that the sea level will rise by between 0.4 and 0.7m during 
this century. It claims: 

It is very likely that the mean rate of global averaged sea 
level rise was 1.7 [1.5 to 1.9] mm/yr between 1901 and 
2010 and 3.2 [2.8 to 3.6] mm/yr between 1993 and 2010. 
A number of tide gauges where there appears to be a 

static geology show more of the region of 2.5-2.9mm/a; it is 
suspected that the IPCC did not adequately allow for this 
effect in making its assessment. On the other hand there are 
some stations, such as Simonstown, that do indeed seem to 
show an acceleration in the 21st century; while, surprisingly, 
many tide gauges on Pacific and Indian Ocean islands show 
no sea-level rise at all e.g. Guam, Eniwetok, Johnston Atoll 
(16.738333N 169.53E) [19] 

A very recent paper [21] notes that there was probably a 
fall of the order of 0.2mm/a as the world cooled after the 
Medieval Warm Period, and that as we recover from the 
Little Ice Age (which ended about 1850) the sea has been 
warming and expanding and, of course, is fed by melting 
glaciers. They estimate the 20th century sea-level rise to 
have been only about 0.15m, but predict that the 21st century 
could see a rise of between 0.24 and 1.31m.  

Given the wide range of the prediction, there is a 
possibility they could be right. Importantly, of course, is the 
fact that even a 1.3m rise is not likely to be a disaster, in the 
light of the fact that our defences are already metres high – 
adding 20% to them would be costly, to be sure, but we 
would have decades to make the change, and should have 
more than adequate warning of any significant increase in 
the rate of sea level rise. 

7 CONCLUSIONS 

It seems well established that the combustion of ever 
increasing quantities of fossil fuel has boosted the carbon 
dioxide concentration of the atmosphere.  However, the 
impact of that increase is not demonstrable in a scientific 
way. There is likely to be some warming of the atmosphere, 
but at present any warming is almost certainly hidden in the 
natural variation of temperatures. There is essentially no 
evidence for any increase in the frequency or magnitude of 
weather phenomena, and that includes droughts and floods.  
There is a small possibility that sea level rise may make 
some real estate uninhabitable, but the rise over the coming 
century is not likely to present any insuperable challenge.   

It can only be concluded that our world will remain 
perfectly habitable in the face of rising CO2 levels. An 
interesting aspect of this is that the environmental driver for 
the introduction of renewable energies is weakened by this 
conclusion. But as we have been gaining understanding of 
the true impact of CO2, so the cost of renewables has been 
falling. Several technologies are now fully competitive with 
fossil power generation. The main driver for the introduction 
of renewable energies has changed from environmental to 
economic. – renewables are all the more sustainable for this 
change. 
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