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4.6.2.3.1 Effect of population and consumption 
trends on CO2 emissions 
The following carbon scenarios (Jackson In press) 
report levels of global carbon dioxide emissions 
from 2010 to 2050, calculated using a simulation 
model that divides the world into three economic 
regions – high, middle and low income countries – 
as defined in the World Bank’s World Development 
Indicators (WDI) database3. The model uses base 
year assumptions taken from the WDI and calculates 
total carbon dioxide emissions in each region (and in 
total) as: Total Carbon Emissions = carbon intensity 
(g/$ in $2005 prices at purchasing power parity) x 
income per capita ($ in 2005 prices at purchasing 
power parity) x population.

Varying assumptions are made in each scenario 
about population, income per capita and the carbon 
intensity over time as follows: 

• The population scenarios take the upper (high) 
and lower (low) UN variants to model population 
change in each region. 

• Three income scenarios are explored. In the first, 
per capita incomes are expected to rise in all 
three regions according to historical rates and 
expectations. Average incomes per capita would 
reach $50,000 in high income countries, $40,000 
in middle income countries and $5,000 in low 
income countries. In the second income scenario, 
it is assumed that both the middle and low 
income countries catch up with the high income 
countries – who maintain their expectations of 
income growth. Incomes converge to an average 
$50,000. In the final scenario, incomes converge 
to a lower average per capita figure of $20,000. 

• Three carbon intensity scenarios are explored. 
In the first scenario, carbon intensity moves 
according to historical trend. For both the high 
and the middle income countries this means a 
substantial decline in carbon intensity. For high 
income countries, carbon intensity declines 
from around 360 grams per dollar of output 
in 2005 prices at purchasing power parity 
(g/$2005PPP) to 200 g/$2005PPP by 2050. For 
middle income countries the decline is from 620 

to 340 g/$2005PPP. For low income countries, 
still passing through a carbon intensive phase of 
laying down infrastructure, carbon intensities  
are assumed to rise slightly to reach the same 
carbon intensity of 340 g/$2005PPP by 2050 as 

the middle income countries. In the second 
carbon intensity scenario, global carbon intensity 
across all regions is assumed to decline to around 20 
g/$2005PPP. This is a substantial decline representing 
almost 95% reduction over the 2010 carbon intensity 
and an average annual decline of 7.6% per year. But 
this is the scale of carbon intensity reduction required 
to reach the middle of the 50-85% reduction window 
identified by the IPCC’s 4th Assessment Report by 
2050, assuming trend growth in population and 
incomes. The third carbon intensity scenario assumes 
a less drastic decline in carbon emissions to a level 
of 40 g/$2005PPP by 2050, representing an average 
annual decline of around 5.5% per annum. 

 
The most notable feature of Figure 4.4 lies not in 
the emissions endpoint for each scenario, but in 
the height of the carbon peak along the way. The 
higher this carbon peak the more carbon enters 
the atmosphere between now and 2050 and the 
harder the task of stabilising the global climate. It 
is significant that the high income convergence 
scenarios and to a lesser extent the high population 
scenarios increase this risk. These carbon scenarios 
highlight the combined importance of both slowing 
population growth and reducing per capita CO2 
emissions to stabilise the global climate. 

4.6.2.4 Minerals 
In 1980 the environmentalist Paul Ehrlich and 
economist Julian Simon made a bet on whether 
the price of a basket of five metals would fall 
between 1980 and 1990 (meaning supplies would 
become more plentiful) (Myers and Simon 1994). 
Although Simon won the bet, since the basket of 
prices did fall between 1980 and 1990, this trend 
has not continued. An equally weighted portfolio 
of chromium, copper, nickel, tin and tungsten, the 
metals at the heart of the debate over finite resources 
between Ehrlich and Simon, is now higher in real 
terms than the average of their prices back in 1980. 

3 The World Bank income categorisation of High, Middle and Low Income countries is not entirely congruent with the UN
 categorisation of Most, Less (excluding Least) and Least Developing Countries. However, for the purposes of this exercise the   
 population trends for these UN regions have been used to scale the 2010 population data from the World Bank. 
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Today’s metals prices are likely to be due to the 
buoyancy of demand in the developing world rather 
than any serious shortages in supply. 

Reserves are an economic rather than absolute 
concept. At any one time they are proved only as far 
as necessary to justify investment in infrastructure 
for extraction, and potential resources are invariably 
much larger. Projected scarcities are usually to do 
with human factors: economic and environmental 
costs, not least CO2 emissions. The economics are 
complex, because many rarer metals are isolated 
as co-products of more common ones; for example 
gallium is found with aluminium and zinc, so if the 
demand for these metals falls gallium will become 

more costly. Extraction procedures are changing 
under the pressure of environmental concerns: for 
example, much copper production is now by solvent 
extraction rather than smelting.

The requirement for individual elements is a 
constantly changing target as new uses are 
discovered, and not all are readily substitutable. Here 
are two examples for which limitations may arise.

Platinum is one metal for which absolute scarcity is 
likely (Bloodworth pers comm), because of its unique 
catalytic properties (eg car exhaust cleaning and 
process chemistry). The related metals palladium, 
rhenium and osmium may also become limiting. 
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Figure 4.3 Carbon scenarios – income according to historical trend: an unequal world. 
(a) and (b): Trend income growth and trend carbon intensity lead to very substantial increases in global carbon 
dioxide emissions and dangerous climate change. Population makes some difference in the extent, but even 
the low UN population variant does not stabilise global carbon emissions. (c) and (d): emission pathways for 
a world in which incomes change according to trend, but the carbon intensity is reduced across the world to 
less than 5% of its current value. 

The impact of population is less pronounced in 
scenarios c and d in Figure 4.3, but reduces the 
height of the carbon peak along the way and 
therefore has an important influence on the total 

carbon entering the atmosphere between now and 
2050 (Anderson & Bows 2008, 2011) produce an 
independent model which corroborates the results 
given here). 

Source: Jackson T (In Press)
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It will become increasingly economic, as well as 
environmentally benign, to recover these metals 
efficiently. Recycling incentives, now commonplace  
in Europe, but less so in low income countries,  
will be needed.

Phosphate is essential for intensive agriculture, and 
concerns have been raised about the reserves, the 
greater part of which are in Morocco. On European 
farmland, where fertilisation has continued for many 
years, the soil has come to equilibrium and farmers 
should be adding only as much phosphate as is 
taken up by the crop; this has the dual benefit of 
reducing costs and minimising eutrophication of 
water runoff. In Less Developed Countries however, 

larger quantities must be added each year to increase 
crop yields, and so global use will continue to rise. 
Concerns have been raised about the contamination 
of some potential sources with cadmium and arsenic, 
but purification by dissolution and recrystallisation 
is already being practised, and will not pose an 
insuperable economic obstacle (Bloodworth pers 
comm). A stabilised human population of 9-10 billion, 
eating a diet with only a modest proportion of meat, 
should be able to conserve accessible reserves 
into the 22nd century. Meanwhile it is likely that 
improvements will be made in recovery of phosphate 
from effluents.

 

Figure 4.4 Carbon scenarios – convergence towards equal per capita incomes. 
(a) and (b): incomes converge towards $50,000 per capita. The middle income and low income countries 
catch up with the high income countries, where incomes grow according to trend. (c) and (d): incomes 
converge towards $20,000 per capita. There is substantial growth in the middle and the low income 
countries, but a contraction in richer nations by around one third. A carbon intensity of 40 g/$2005PPP is 
sufficient to bring world carbon emission down towards the lower end of the emissions range defined by 
the 50-85% reduction window. 
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Source: Jackson T (In Press)


