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The technical basis for setting targets to mitigate climate change: Winchester as an example 

 

Climate change – some basic concepts 

Today there is a broad consensus among climate scientists, well informed lay people and 

many governments that climate change, and the global warming that it creates, is not only a real 

phenomenon but is also being driven by man-made emissions of greenhouse gases. A greenhouse 

gas (GHG) is one that traps heat in the atmosphere that otherwise would be lost into space. 

The principal GHGs in the Earth’s atmosphere are carbon dioxide (CO2), methane and nitrous 

oxide. Recent estimates of current atmospheric concentrations and their increases clearly show that 

not only have GHGs increased significantly since pre-industrial times but that the rate of addition of 

CO2, the principal GHG, is increasing. 

The adverse effects of global warming are already noticeable. For example, the oceans are 

warming and expanding in volume, spawning more dangerous storms and raising sea-levels. 

Melting of land-based ice sheets in Greenland and western Antarctica and of glaciers and snow in 

mountain ranges worldwide also contributes to rising sea-level. Arctic ice is shrinking and thinning 

which accelerates the warming of Arctic seas and may upset the currents of the Atlantic Ocean e.g. 

the Gulf Stream. At present the oceans take up about half the CO2 emissions from burning fossil-

fuels and cement manufacture but current emission rates are making the oceans more acidic and 

therefore less efficient absorbers. The summer melting of Arctic permafrost is leading to the release 

of CO2 and methane, a GHG 25 times more powerful than CO2 . Climate change is already reducing 

biodiversity. 

The current rates of climate change are faster than those that have occurred naturally in the 

past or were forecast by the Intergovernmental Panel on Climate Change (IPCC) in 2007. Many 

computer-based models that have been used to predict the future under different assumptions show 

that global warming will continue and, unless radical action is taken soon, could lead to a massive 

loss of biodiversity, profound negative impacts on human societies and even a decline in human 

population. 

Global warming of even a few degrees has very serious implications for all living organisms 

including man. The EU, governments and climate scientists generally agree temperatures should not 

be allowed to rise more than 2°C above pre-industrial levels. Beyond 2°C changes in climate 

threaten to lead to serious consequences for many people worldwide and there is a danger that 

runaway feedback mechanisms may come into play that will push surface temperatures even higher. 

However, the global average surface temperature has already risen 0.7°C, with most of the rise 

occurring within the last two decades. 

The Earth’s surface and near-surface comprise a dynamic system which, until the 20th 

century, was more or less in equilibrium. GHGs in the atmosphere are emitted by a variety of 

natural and man-made sources and removed by a variety of natural processes (sinks). Some sources 

and sinks are temperature and CO2 dependent. Global warming is occurring because the natural 

sinks can no longer cope as effectively with the scale and rate of increase of the man-made GHGs 

and so GHG concentrations are increasing. But because the atmosphere has a long ‘memory’ the 

warming we experience today is the result of cumulative GHG emissions since the start of the 

industrial revolution, while our emissions today will affect the lives of our descendants for many 

decades to come. 

Each GHG in the atmosphere contributes to global warming according to its radiative forcing; 

this is its ability to warm the Earth’s surface. When the radiative forcing from a pulse of unit mass 

of gas is summed over a given period, assumed to be 100 years in the Kyoto Protocol, we obtain the 

global warming potential (GWP) of the gas which is expressed as a ratio relative to that of CO2 (for 

example, methane is 25 times, and nitrous oxide is 298 times, more potent than CO2). Therefore, if 

the GWP is multiplied by the mass of emitted GHG, we obtain the equivalent concentration of CO2 

(written as CO2e) that would have the same warming effect over the given period. It is therefore 
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more informative to consider CO2e than CO2. For example, in 2006 the average atmospheric CO2 

concentration was 381 ppm (parts per million) but the atmosphere contained 430 ppm CO2e when 

all GHGs were taken into consideration. We give both CO2 and CO2e figures; the figure in 

parentheses has always been adjusted from the published figure that we quote assuming the two 

values differ by 50 

ppm. 

 

Our future climate 

The global 

average surface 

temperature is roughly 

proportional to global 

average radiative 

forcing. So we can now 

establish a logical chain 

from GHG emissions 

via GHG levels in the 

atmosphere, their 

radiative forcings and 

global warming 

potentials to global 

mean surface 

temperature. 

Consideration of this 

chain is vital to set a 

future global emissions 

pathway, i.e. a plot of 

future CO2 emissions 

against time, that will ensure we get to a global average surface temperature, once the Earth system 

has stabilised, that averts the worst impacts of climate change. 

The relationship between GHG atmospheric concentrations and surface temperature is called 

the climate sensitivity. (Broadly speaking, the climate sensitivity is the average global temperature 

rise that would accompany a doubling of atmospheric concentrations from their pre-industrial level 

of approximately 280ppm CO2 to around 560 ppm CO2). Unfortunately we cannot accurately 

estimate climate sensitivity from the geological record because the positions of the continents, 

ocean circulation patterns, percentage of the planet covered by the sea and composition of the 

oceans were different from today. Even for the last 1.6 million years, when the continents were 

located where they are today, climate sensitivity estimates depend on the chosen starting point 

within the cycle of ice ages. Climate (computer-based) modelling as a means of determining future 

climate sensitivity is also beset with uncertainties because it is difficult to be sure that the models 

take full account of all possible changes to the natural system as the Earth warms up. In 2007, 

acknowledging these uncertainties, the IPCC estimated climate sensitivity to be between 2°C and 

4.5°C, with a ‘best estimate’ of 3°C (Fig. 1). Even so they cautioned that ‘values substantially 

higher than 4.5°C cannot be excluded’ with the frightening admission that this ‘would mean that 

achieving a target of 2°C … is already outside the range of [IPCC emissions reduction] scenarios 

considered [in this report]’. 

The estimated temperatures in Fig.1 have associated uncertainties. For example, although the 

best estimate of the temperature increase resulting from 450 ppm CO2e (400 ppm CO2) is 2.1°C, 

there is only a 66% chance that the temperature will remain in the range 1.4-3.1°C. 

However, after the IPCC stopped collecting evidence in December 2006, several groups of 

climate scientists presented further evidence indicating that climate sensitivity is even higher than 

4.5°C. For example, one group, on the basis of the geological record covering the last 425,000 years 

Figure 1. Estimated global average surface stabilisation 

temperatures plotted against the corresponding atmospheric GHG 

concentration (ppm CO2e) for different scenarios (I to VI). The 

three curves correspond to climate sensitivities of 2, 3 and 4.5°C. 

For example, assuming a sensitivity of 3°C, 450 CO2e will lead to 

a temperature of 2.1°C. From IPCC Working Group III (2007). 
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(four ice ages and nearly five interglacial warming periods), warns that a sensitivity of 3°C can 

account only for short timescale responses of the Earth over this period and a climate sensitivity of 

6°C is required to account for longer timescale responses such as changes in ice area, vegetation 

distribution and continental shelf exposure resulting from sea level change. Making this adjustment 

to sensitivity indicates that 560 ppm CO2  (twice pre-industrial levels) is far from ‘safe’, and would 

lead to a nearly ice-free planet; even the current 383 ppm CO2 is ‘too high to maintain the climate to 

which humanity, wildlife and the rest of the biosphere are adapted’. The latter conclusion is 

supported by the fact, mentioned above, that the current 383 ppm CO2 has already led to dramatic 

changes in the biosphere. Others have also argued that we should aim for stabilisation levels of 

much less than 450 ppm CO2 (500 ppm CO2e) to improve our chances of not exceeding the 2°C 

limit. 

Here we present emission targets aimed at reaching a stabilisation level of 450 ppm CO2 , 

roughly 500 ppm CO2e, which is widely accepted as the maximum level consistent with not 

exceeding 2°C  warming. This level is also consistent with estimated GHG budgets introduced later. 

Even so, this level is probably too high and so may need adjusting downwards in future. 

 

How much to cut emissions? 

Various emission pathways have been modelled; some examples appear in Fig. 2. However, it 

has been shown that cumulative emissions are a better indicator of the Earth’s ultimate stabilisation 

surface temperature than the peak GHG levels along a pathway. In theory, a range of different 

emission pathways can lead to the same ultimate stabilisation temperature. Thus to estimate the 

Earth’s eventual stabilisation temperature we need to consider future cumulative emissions of 

GHGs over many decades. It is also necessary to take account of natural mechanisms whose 

contribution to global warming is affected both by the warming and the CO2 concentration and 

other possible changes in the 

natural sources and sinks. 

‘Total’ global GHG 

emissions in 2000 were 42 

GtCO2e and their concentration 

was growing annually at 2.7 

ppm CO2e. It is estimated that 

stabilising at 450 ppm CO2 (500 

ppm CO2e) would allow 

cumulative emissions of at most 

2100 Gt CO2e between 2000 and 

2100. This suggests that, at 

current rates, the global ‘ration’ 

of CO2 emissions for the entire 

21st century, required to 

stabilise at 450 ppm CO2, will be 

used up in less than 50 years and 

that we shall reach 450 ppm CO2 

before 2035! 

In 2008 Anderson and Bows, two scientists working in the Tyndall Centre, presented even 

more pessimistic predictions of various GHG emission pathways. They conclude that if emissions 

peak in 2015, stabilization at 450 ppm CO2e (400 ppm CO2) requires subsequent year-on-year 

reductions of 4% in CO2e . If the peak is delayed until 2020 either a 6% annual reduction is then 

required to stabilise at 550 ppm CO2e (500 ppm CO2) or a 3% annual reduction is required to 

stabilise at 650 ppm CO2e (600 ppm CO2). In fact even larger reductions are required for emissions 

from energy generation and industrial processes to offset the non-CO2 emissions from food 

production which are hard to eliminate entirely. They conclude that, ‘it is increasingly unlikely [any 

global agreement] .. will deliver the urgent and dramatic reversal in emission trends necessary for 

Figure 2. Illustrative pathways, starting at 42 Gt in 2000, to 

stabilise greenhouse gas levels between 450 and 550 ppm. 

CO2e. The gap between business as usual and three different 

pathways is shown for 2050. From Stern (2006). 
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stabilization at 450 ppmv CO2e.’ and ‘[that] even an optimistic interpretation …. implies that 

stabilization much below 650 ppmv CO2e is improbable’. The latter is equivalent to an equilibrium 

temperature of 3.4°C, assuming a climate sensitivity of 3°C, or 7.2°C, for one group of climate 

scientists’ sensitivity of 6°C. There is little doubt that a temperature rise of 6.7°C would be 

catastrophic for the continued existence of mankind, at least in the numbers alive today.  

While global GHG emissions from burning fossil fuels (coal, oil and gas) are relatively easy 

to estimate other, less easily quantified, sources need to be included before estimating total man-

made emissions. Aviation, a rapidly growing industry, contributes to global warming more than its 

CO2 emissions and the IPCC suggested in 1999 that a radiative forcing index (RFI) of 2 to 4 should 

be used. (The RFI is the factor by which warming caused by CO2 emissions alone should be 

multiplied to account for total warming caused by all the different GHGs emitted by planes). RFI’s 

of 2.7 and 1.9 were suggested later by other groups. Agriculture contributes CO2 and methane from 

its degradation of soils, the cutting and burning of (tropical) forests and the husbandry of cattle; 

nitrous oxide from the application of artificial fertilisers is also thought to be important. Lastly, 

some aerosols (small particles from burning fossil fuels), cause cooling and offset the warming 

effect of GHGs to some extent. A recent analysis indicates that even the IPCC’s worst case 

scenarios published in 2007 underestimated the rate of global man-made GHG emissions since 

2000. 

 

From global to national targets 

How cuts in GHG emissions are to be shared among different countries has yet to be agreed. 

In the last 250 years GHGs have been almost entirely emitted by the developed countries. For 

example, the UK has emitted more carbon from fossil fuels per head (using today’s population) than 

any other country including China! Further, in spite of recent growth by some of the developing 

countries, today’s fossil fuel emissions per capita in UK are still more than twice those of China and 

over six times those of India. Thus it can be argued that the developed countries have a moral 

obligation to cut back more than the developing countries and that the developing countries should 

be allowed, within limits, to increase their emissions whilst raising their standard of living. Such 

arguments form the basis of the philosophy of Contraction and Convergence (C&C) whereby all 

countries aim for the same per capita emissions allowance at some future date. 

In addition, emissions attributable to a country can be calculated in more than one way. The Kyoto 

Protocol computes production emissions as laid down by the United Nations Framework 

Convention for Climate Change (UNFCCC), i.e. it includes emissions associated with all goods 

produced within a country, wherever they are used, and excludes the emissions associated with 

goods imported from other countries. When the latter consumption emissions for 2003 were 

calculated for the UK, the figure was found to be 72% higher than the production emissions. The 

Kyoto/ UNFCCC figures also omit emissions from international aviation and shipping and, when 

estimates of these were added to government production figures for UK emissions in 2000, the total 

increased by 48 Mt CO2 (about 9%). 
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Scientists at the Tyndall Centre have questioned the scientific legitimacy of the UK government’s 

emission targets and made new estimates of how the UK should reduce its emissions. They 

concluded that ‘Considering cumulative emissions, carbon cycle feedbacks and the [previous] 

omission of emissions from international transport dramatically increases both the scale and 

immediacy with which emissions need to be reduced; for example within the UK 6-9% p.a. 

reductions beginning in 2012’. Thus a national carbon reduction strategy should be based on a 

cumulative carbon emission budget that is used to constrain a national emissions pathway. Such a 

budget will depend on how emissions are shared between countries, such as C&C; it will also be 

subject to scientific uncertainties. In 2007 the IPCC calculated that, allowing for the effects of 

climate change on the uptake of CO2,  the total global emissions for the 21
st
 century must lie 

between 1376-2202 Gt CO2 to stabilise at 450 ppm CO2 (500 ppm CO2e). Accepting a stabilisation 

level of 450 ppm CO2 and a C&C approach, with a convergence year of 2050, and apportioning 

carbon budgets simply on the basis of  the UK’s emissions in 2000 and its current population, the 

UK’s budget for 2000-2050 lies in the range 16.9-23.1 Gt CO2. These figures are adjusted for the 

UK’s share of international aviation and shipping. Provisional, similarly adjusted, production 

emissions, based on Kyoto/UNFCCC criteria, for the UK in year 2006 were 617 Mt CO2, only 1% 

less than the UK’s emissions in 1990. This suggests that between 2000 and 2005 16% to 21% of the 

UK’s 2000-2050 budget was used up. 

Although Fig.2 shows that large cuts in global GHG emissions relative to Business as Usual 

values are required to reach a stabilisation level of 450 ppm CO2e (400 ppm CO2) at some point in 

the near future, further analyses of emissions reductions will be required to show how these global 

emission trajectories can be achieved in practise at national level. 

The Tyndall Centre scientists created three ‘what if’ emissions pathways for the UK, 

consistent with attaining a 450 ppm CO2 (500 ppm CO2e) stabilisation level, based on the IPCC’s 

2007 High, Medium and Low 

cumulative carbon budgets for the 

21
st
 century (the range of 

emissions results from the range 

of assumptions made in the 

IPCC’s calculations; Fig.3). 

These scenarios imply that 

between 2020 and 2030, the 

steepest parts of the curves, 

annual cuts of 4% (High), 6% 

(Medium) or 9% (Low) will have 

to be made. 

 

Winchester’s carbon budget and 

emissions reduction target 

In 2001 the UK population 

was 58.8 million whereas the 

population of the Winchester City 

Council District was around 

110,000 or 0.187% of the total 

UK figure. A slightly larger 

percentage (0.25%) is obtained 

when the District’s consumption 

emissions of CO2 in 2004 (see 

below) are compared with 

Anderson et al.’s (2008) estimate of the UK’s total emissions for the same year. Using the figure of 

0.187% for Winchester’s fraction of the UK population, the pro rata allocation of Winchester 

District’s share of the UK’s 16.9-23.1 Gt CO2 cumulative budget for 2000 to 2050 is in the range 

Figure 3. Three possible UK annual emission pathways to 

reach a 450 ppm CO2 stabilisation level. ‘Low’ 

corresponds to a low (i.e. more cautious) IPCC estimated 

cumulative global carbon budget. Emissions continue to 

rise until 2012 because it is assumed that international 

aviation grows at 6% p.a. and international shipping by 2% 

p.a. until that date. From Anderson et al. (2008). 
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31.8 to 43.0 Mt CO2 .  However, 3.6 Gt of the UK’s budget had already been emitted in the six 

years from 2000-2005, implying that about 5.4 Gt had been used by the end of 2008. Thus, starting 

in 2009, only 11.5-17.7 Gt CO2 of the UK’s budget is still available. Winchester’s share of this is 

21.5-33.1 Mt CO2. In view of the uncertainties already mentioned in climate sensitivity and other 

factors, we adopt the lower budget of 21.5 Mt CO2 to be conservative. 

So-called National Indicator 186 (NI186) statistics are widely used by local authorities to 

track their emissions. These are essentially a subset of ‘end user’ figures from Defra which give an 

incomplete picture of the total emissions because they omit the District’s share of emissions from 1) 

aviation and shipping, 2) motorways, 3) land use and forestry and 4) some installations in the EU 

Emissions Trading Scheme and some other sources considered to fall outside the scope of the 

indicator. NI186 estimates that Winchester District’s emissions for 2006 were 0.931 Mt CO2. At 

this emission rate, dividing the cumulative emissions budget remaining at the start of 2009 by the 

2006 emissions would suggest that Winchester will use up its ‘ration’ for 2000-2050 in around 

2030. But this is misleading since NI186 omits some significant sources of emissions which should 

count towards the 21.5 Mt CO2
 
 budget. 

 

If more relevant 

consumption figures are used 

instead, Winchester’s annual 

emissions rise to 1.52 Mt CO2 

(2004 figure) and the ‘ration’ 

will be consumed in the next 

14 years! This unsatisfactory 

outcome implies that 

substantial changes are 

required to get the District’s 

emissions in line with any of 

the curves in Fig. 3.  

One pathway that would 

cut Winchester’s emissions in 

2050 by 94% relative to 

January 2009 within the 

constraint of an emissions 

budget of 21.5 Mt CO2 by 2050 

and current annual emissions of 

1.52 Mt CO2 is shown in Fig.4 

together with WinACC’s target of a one third cut by 2015. The budget is based on the Tyndall 

Centre’s computed UK budget, derived from the IPCC’s 2007 estimate of global emissions for the 

21
st
 century, aimed at reaching an equilibrium level of 450 ppm CO2 (500 ppm CO2e) and allowing 

for a Contraction & Convergence date of 2050. The same percentage cuts should apply equally to 

Winchester’s NI186 (production) figures which probably represent around 60% of the total 

emissions of the District. 

The curve in Fig.4 corresponds to a constant 6.7% annual reduction for the next 40 years. This 

pathway entails a reduction of the current annual emissions rate from 1.52 Mt CO2 to around 91,000 

tonnes by 2050. The same percentage cuts should apply equally to Winchester’s NI186 figures, 

which probably represent around 60% of the total emissions of the District, and entail a reduction 

from 931,000 tonnes CO2 to 56,000 tonnes by 2050. However, the sooner cuts in emissions are 

made, the lower the eventual equilibrium surface temperature and the earlier it will be reached. In 

any event it is apparent that, after allowing for some unavoidable emissions associated with food 

production, an almost complete decarbonisation of our society is required by 2050. This is the 

urgent task facing Winchester District and its citizens if they are to play their part in reaching the 

necessary global reduction in greenhouse gas emissions by 2050.  

Figure 4. One pathway (curved line) that would reduce 

Winchester’s CO2 emissions from 2009 until 2050 and keep 

within the 21.5 Mt budget. WinACC’s one third reduction 

by 2015 target is shown for comparison (square). This is one 

of a large number of possible pathways to meet the same 

objective. 
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Conclusions 

1. To seek to ensure a global average surface temperature rise of not more than 2°C 

Winchester proportionally must play its part by emitting no more than 21.5 million tonnes of 

CO2 between 2009 and 2050. 

2.  The current best estimate of Winchester’s consumption emissions is 1.52 million tonnes 

CO2 per year. This figure needs to be reduced year-on-year with immediate effect for the 

next 40 years by 6.7% per annum in order to keep within the 21.5 million tonne CO2 budget. 

3. The less complete, but widely used, local authority statistical indicator of carbon dioxide 

emissions, NI 186, indicates Winchester’s emissions are 0.931 million tonnes per year. The 

same 6.7% year-on-year reduction is probably required of this indicator too to avoid an 

unsafe rise in global temperatures. 
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