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Data Sources: Metoffice.gov.uk, cru.uea.ac.uk, CDIAC  

Figure 11.8 Global temperature anomaly ºC [y-axis] as a function of cumulative 
                    anthropogenic emissions of CO2 to the atmosphere GtCO2 [x-axis] 1850 – 2013,  
                    with a centred 11-year moving average inserted. 
 
Continuing further, readers may note first, from the charts at figures 2.3 and 
2.4 chapter 2, that anthropogenic CO2 emissions have followed a very 
similar path to that of the rapidly escalating rise of world primary energy 
consumption, though subject to any changes in fuel mix, in particular 
towards renewable energy. The International Energy Agency [World Energy 
Outlook 2013] report however that as of 2013 the share of fossil energy in the 
global mix was 82%, the same as it was in 1988, 25 years previously. On 
this basis it is reasonable to conclude that emissions of CO2 are still strongly 
related to primary energy consumed. Figure 11.9 summarises changes in the 
ratio of world CO2 emissions to primary energy consumption. The ratio 
declined to about year 2000, but thereafter has increased a little. 
 

 
Source: BP Statistical Review 

Figure 11.9 Ratio global emissions CO2 GtCO2 p.a. to primary energy consumption  
  Gtonnes p.a. oil equivalent 1965 – 2013.  
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Second, energy consumption is also related to GDP through changes in 
energy intensity of use [primary energy consumption per $ of GDP]. Figure 9.1 
at chapter 9 illustrates declining energy intensities for the developed 
economies, but offset by fairly level energy intensities for developing 
countries, with the result that, overall, world primary energy consumption 
per head of human population continues to rise, as shown in figure 11.10. 
Should developing countries subsequently emulate the developed countries 
in reducing their energy intensity ratio, then one might expect the curve in 
the chart to curl further to the right. Figure 11.11 shows the net effect to 
date on the global energy intensity ratio. 
 

 
Sources: BP Statistical Review,  
Angus Maddison, OECD Development Centre Studies:  
“World Economy – A millennium  perspective”, CIA, UN 

Figure 11.10 Global primary energy consumption per capita tonnes oil equiv p.a. [y-axis] as a   
function of world GDP per head $000 p.a. at 1990 prices [x-axis] 1965 – 2013.  

 

 
Sources: BP Statistical Review, Angus Maddison,  
OECD Development Centre Studies: “World Economy – A millennium 
perspective”, CIA 

Figure 11.11 Ratio global primary energy consumption to GDP Kgoe/$ [1990 prices]  
    1965 – 2013.  

 

1965 
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Combining all the effects of figures 11.4, 11.9, 11.10 and 11.11, then figure 
11.12 shows the trend of the world annual and cumulative emissions 
intensity ratios kgCO2 per $ GDP [1990 prices] 1850 – 2013, and figure 
11.13 shows the relationship of cumulative emissions of CO2 to cumulative 
world GDP 1850 – 2013. The Maddison study from which the GDP figures 
are taken provides only four estimates of world GDP prior to 1950, when 
GDP [at 1990 prices] was then $5,336 billion. For the purposes of the charts, 
annual GDP figures in between each of the pre-1950 Maddison GDP 
estimates [1940, 1913, 1900 and 1870] were approximated on an interpolated 
basis. This was a reasonable procedure to take, as the pre-1950 figures for 
cumulative world GDP were small, relative to those after 1950, and do not 
significantly affect the accuracy of the longer-term trend.  
 

 
Sources: CDIAC, Angus Maddison, OECD Development Centre Studies:  

                                              “World Economy – A millennium perspective”, CIA 
Figure 11.12 World emissions intensity ratio kgCO2 / $ GDP 1990 prices 1850 – 2013. 
  

 

 
Sources: CDIAC, Angus Maddison, OECD Development Centre Studies:  

                                                       “World Economy – A millennium perspective”, CIA 
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Figure 11.13 Cumulative global emissions CO2 GtCO2 [y-axis] as a function of  
   cumulative world GDP $ trillion 1990 prices [x-axis] 1850 – 2013. 

Given that cumulative global anthropogenic emissions of CO2 appear to be 
significantly correlated with cumulative world GDP, and that the world 
annual emissions intensity ratio, though falling, is beginning to level off, it 
is not unreasonable to replace the base line of the chart at figure 11.8 
[cumulative emissions] with cumulative GDP, while acknowledging that the 
emissions intensity ratio will fall further. Figure 11.14 sets out such a 
relationship. 
 

 
Sources: Metoffice.gov.uk, cru.uea.ac.uk,   

    Angus Maddison, OECD Development Centre Studies:  
                                             “World Economy – A millennium perspective”, CIA 
Figure 11.14 Global temperature anomaly ºC [y-axis] as a function of cumulative world GDP 

$ trillion 1990 prices [x-axis] 1850 – 2013, with a centred 11-year moving 
average inserted. 

 
A number of observations are pertinent. First, the temperature anomaly 
appears to have a similar relation to cumulative GDP as it does to 
cumulative anthropogenic emissions of CO2, though it has been stretched 
out in recent years because cumulative GDP is growing faster than 
cumulative CO2 [see figure 11.13]. Readers should not however be beguiled 
into thinking that the temperature anomaly will not escalate further. Figure 
11.2 indicates that levelling of this sort has occurred two or three times in 
the world’s industrial past. As long as GDP remains dependent upon fossil 
energy to power its base, and GDP is able to advance further, then the 
temperature anomaly might be expected to continue rising, and for some 
while, even after a levelling or decline in GDP. It will be a matter of 
evidence as to how far the emissions intensity ratio will eventually fall, 
through changes in efficiency and switches to non-fossil energy, such as to 
divorce emissions from GDP. 
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Second, because the world’s energy consumption rate is still increasing 
significantly in order to fuel a growing anthropogenic appetite for GDP, for 
a given increase in cumulative GDP [and thereby cumulative CO2 emissions], 
the number of years between the starting and finishing points is reducing, 
and the situation is escalating as the years go by. Figure 11.15 illustrates the 
apparently inexorable rises in cumulative anthropogenic emissions of CO2 
to the atmosphere and cumulative world GDP 1850 – 2013. On current 
trends, cumulative emissions to the atmosphere could double in the space of 
two decades or so and rapidly escalate thereafter, assuming that energy 
consumption and GDP are able to continue growing.  
 

 
Data Sources: GISS CDIAC,  

Angus Maddison, OECD Development Centre Studies:  
                                                      “World Economy – A millennium perspective”, CIA 
Figure 11.15 Cumulative world emissions CO2 GtCO2, and cumulative world GDP  
                      $ trillion1990 prices, 1850 – 2013.  
 
Extrapolations of the trend lines at figure 11.15 correspond approximately 
to the higher end scenario ranges set out by IPCC [Representative 
Concentration Pathways RCP6.0 and RCP8.5, Table TS1 WGIIIAR5], with 
cumulative emissions between years 2011-2100 approaching 3620 – 7010 
GtCO2, along with a temperature anomaly range of 3.1 - 4.8ºC [relative to 
1850 – 1900], though IPCC indicate that with appropriate actions to mitigate 
climate change [RCPs 2.6 and 4.5] the temperature anomaly might be 
reduced to a range 1.5 – 2.9ºC. They indicate, however, that this would 
require a significant reduction in the level of projected cumulative world 
emissions to the atmosphere between years 2011-2100, to a range of 630 – 
3340 GtCO2. 
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Figure TS.7 IPCC WGIII AR5 technical summary sets out variations of four 
main factors linking to carbon production: world [human] population, GDP 
per capita, energy intensity of GDP and the carbon intensity of energy 
consumption.  Superimposed on these factors are divisions by main 
geographic area, and subdivisions by energy sector and by consumer, such 
as transport, residential and industry, with a projection of emissions of each 
of the gases [CO2, CH4 N2O] into the future. The exercise was carried out by 
several agencies, and included scenario variations such as conventional or 
abundant gas and many others. In all, more than 160,000 projections were 
made. In respect of population, the projected variants reflected much of 
what is set out at chapter 10 of this book with regard to UN estimates of 
human population growth. With regard to estimates of future GDP per 
capita, however, the majority of the IPCC model projections made are of the 
exponential kind, forever into the future, albeit with varying growth rates 
assumed, generally in a range of 1 - 2½% compound, against a historic 
trend of 1.4%, implying world GDP per capita in 2100 in the range 2½ - 8½ 
times the level in 2013. 
 
Some of the models in the IPCC projections [Pik and IIASA] make use of 
Cobb-Douglas and Augmented Solow models [see chapter 5], which project 
forward exponentially only the capital and labour/human capital cost 
components of GDP, and make no reference to the productive contribution 
of the resources consumed [other than the ratio of energy consumed per unit of 
GDP]. It will be recalled from chapter 5 however that the work of Ayres and 
Hümmel showed that traditional economic theory explained very little of 
growth compared to natural resource energy, with around two-thirds of 
productivity in fact arising from energy consumption and only a small 
percentage from human labour.  
 
It will be a matter of evidence therefore as to the extent to which world 
GDP per capita will be able to grow in the face of an escalating effect from 
first, climate change, impacting on the ability of the eco-system and 
humanity to cope with the changes, and second, potential limits on the 
amounts of resources that will be available [energy and other forms] that have 
been highlighted in this book; the evidence of trends in world human 
population growth alone indicating, perhaps subconsciously, a potential 
ceiling in about 2050. Exponential growth in a finite and dynamic world 
cannot be assumed. A discussion of this prospect is set out in the final 
chapter of this book. 
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IPCC have set out an analysis of major areas in specific parts of the world 
expected to be affected by climate change, which analysis the author would 
not challenge. The areas included: 
 

• Physical systems: 
o Glaciers, snow and ice  
o Rivers, lakes, flooding and drought 
o Sea level and coastal erosion 

• Biological Systems: 
o Terrestrial ecosystems 
o Marine ecosystems 
o Wildfire 

• Human & managed systems: 
o Food production 
o Livelihood and health 
o Economics 

 
Specific effects include: 
 

• Reduced glacier mass and forest cover 
• Reduced crop yield – particularly wheat and maize 
• Increased precipitation towards the poles 
• Increased drought in temperate zones 
• Increased flooding in tropical zones and low lying lands 
• Movement and displacement of some species to track climate change 
• Under-nutrition 
• Food & water-borne infections 
• Extreme weather events 
• Mental health and violence 
• Increased insecurity, nationally and internationally 
• Conflict, land grabs and resettlements 

 
On the evidence to date, further significant rises in global air temperature 
and water levels will occur, which ultimately will cause a reduction in 
output to some if not many economies through a loss of agricultural farming 
capacity, loss of habitation located in low-lying areas liable to sea flooding, 
and entail a consequent large-scale write-off of capital stock.  Of more 
concern, however, is the effect on the eco-system, which humankind has 
previously mostly ignored, and which will affect the quality and quantity of 
natural capital, which in turn will impact on sustainability. 
 
There is of course nothing initially to prevent world economies continuing 
along a ‘same as usual’ path, with governments endeavouring to satisfy 
their populace by delivering economic growth and the wherewithal to 
service debt, but in the absence of concerted action among the international 
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community to reduce fossil energy consumption, ultimately the Earth will 
do it for us, in ways that individually may not seem fair to humankind, and 
with a lasting effect. On present trends, it appears likely that action at best 
may be of a delayed, iterative kind in response to accumulating 
environmental disasters, affecting individual areas and countries in the 
world. 
Table 11.4 summarises current and cumulative emissions by major country, 
along with figures of population, GDP and primary energy consumption, 
and the ratios connecting all these variables. It is reasonable to assert that 
countries with high emissions, currently and historically, are those more 
likely to be impacting on anthropogenic contributions to global warming. 
Sixteen countries, headed by China and USA, account for 76% of current 
global emissions [2013], 71% of cumulative emissions [1965-2013], 75% of 
primary energy consumption [2013] and 70% of world GDP [2013], but only 
59% of population [2013]. On a cumulative basis, Poland, South Africa, 
Australia, Ukraine and the Netherlands have also been high emitters; and 
Saudi Arabia, USA, Canada and South Korea currently have very high 
emissions per capita. 
 
It is perhaps inevitable that some countries may be less committed to 
change than others, and some may feel that their response should be less 
than others by virtue of history and their relative economic development. 
Nature, however, makes no such distinction. 
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Source: BP Statistical Review, World Bank  
Table 11.4 CO2 output, Primary energy consumption, GDP and Population 2013 

 


