Notes on Climate Change and Aviation
by Kevin Anderson
January 2011


Background
I am Professor of Energy and Climate Change and have just completed a two year position as Director of the Tyndall Centre, the UK’s leading academic climate change centre. At the start of this year I returned full time to Manchester to direct Tyndall’s Energy and Climate Change research, the majority of which is undertaken within the 26-strong Tyndall Manchester team. I am research active on climate change, with recent publications by the Royal Society and in Nature, amongst others. In addition I engage widely across all tiers of governance; from reporting on aviation and climate change to the EU  Parliament, advising the Prime Minister’s office on Carbon Trading to sitting  as scientific advisor on the Welsh Government's climate change commission. 
I have considerable experience of leading a range of discrete research projects and integrating these and wider Tyndall Centre projects to provide a systems-level appreciation of climate change. I have led specifically on a range of aviation-related research projects over the past eight years, publishing widely in academic journals, co-authoring an academic book on aviation and climate change, writing policy reports on the area for the EU parliament, UK Government and the North West Development Agency. I have been called on several occasions to give evidence at various parliamentary committees and other Government and parliamentary fora in relation to aviation and associated emissions.
I have a decade of industrial experience, principally in the petrochemical industry. I maintain close links with the private sector as a non-executive director of Greenstone Carbon Management – a London-based firm providing carbon accounting and carbon reduction advice to leading private-sector companies and the public sector.

The role of CO2
There are four fundamental scientific and quantifiable facts that are not only acknowledged as such by scientists but are also undisputed by the majority of those with a more sceptical disposition.
First, the greenhouse effect exists and is essential for maintaining life as we know it. Greenhouse gases in the atmosphere trap energy (heat) radiating back out from the earth into space, and in so doing keep the planet about 33 degrees centigrade (33°C) warmer than it would otherwise be. Without the greenhouse gases the earth’s average temperature would be around 18°C below freezing.
Second, carbon dioxide is the most significant of the greenhouse gases; though it is important to note that water vapour is an essential part of the warming story. However, its presence in the atmosphere is a consequence principally of the temperature rise brought about by the longer-lasting greenhouse gases, such as carbon dioxide.
Third, the level of carbon dioxide in the atmosphere is increasing rapidly and has done so since the start of industrial revolution, but particularly since the middle of the last century. The ‘concentration’ in the atmosphere of this important greenhouse gas is about 38% higher now than it was at the beginning of the industrial revolution.
Fourth, the increase in carbon dioxide is being driven by increased use of coal, oil and gas. This is known because carbon dioxide from fossil fuels has a unique fingerprint compared with carbon dioxide from more ‘natural’ processes. Without question, therefore, the increase we have witnessed in the past century has been from our combusting of fossil fuels.
Bringing all this together paints a very clear picture. The greenhouse effect exists and keeps the earth’s temperature higher than it would otherwise be; the most important greenhouse gas in the atmosphere is carbon dioxide; carbon dioxide emissions are rising rapidly; this rise is due to our burning fuels. 
Now, if the rise in emissions was small and much slower than we’re experiencing, there would be little reason for concern. But this is not the case. Emissions of all greenhouse gases are already high and are rising at an alarming rate. Although some scientific uncertainties remain, the main message is clear and unambiguous. Unless we take urgent action to dramatically reduce carbon dioxide emissions, the climate will significantly and irrevocably change and future generations will suffer the consequences of our carbon-emitting behaviour. 

International Efforts to Reduce Emissions
One key consequence of the above is that the determining factor in future temperature rise is the total amount of greenhouse gases in the atmosphere – i.e. cumulative human-made emissions. Given current high levels of emissions, this means that if present day emissions cause a greater warming effect than is considered prudent, it cannot, realistically be counteracted by more severe emissions reductions in the future.
The primary international mechanism for regulating the emissions of greenhouse gases is the UN Framework Convention on Climate Change (UNFCCC) process, which oversaw meetings in Copenhagen in 2009 and Cancun, Mexico, in 2010, and also produced the Kyoto protocol in 1997.
 These negotiations have taken as their main focus attempts to agree reductions to a certain proportion of 1990 emissions by various dates. However, any agreement using a framework of this kind would not directly regulate the cumulative emissions between periodic targets, and would not therefore be able to guarantee that warming would be limited to the temperature target agreed at the same meetings (a maximum of 2°C rise by 2100).

The fact that international negotiations have thus far failed to reach agreement on these reduced terms, means that effective regulation of greenhouse gas emissions at the national and local level is even more important, particularly for any nation wishing to claim leadership on tackling climate change

UK & EU Position and the importance of the 2°C target
The framing of the Copenhagen Accord around the importance of “hold[ing] to … below 2 degrees Celsius” reflects the clear and long-established stances of both the EU Commission and the UK Government. The EU maintains it “must adopt the necessary domestic measures… to ensure that global average temperature increases do not exceed preindustrial levels by more than 2°C” (European Commission 2007) [emphasis added]. Within the UK, the language of many Government statements suggests, if not a zero probability of exceeding 2°C, at least a very low one (Anderson, et al. 2009). For example, in July 2009, the UK Government published its UK Low Carbon Transition Plan, in which it stated explicitly that “to avoid the most dangerous impacts of climate change, average global temperatures must rise no more than 2°C (p.5 DECC 2009)” [emphasis added]. The previous Secretary of State for Energy and Climate Change, subsequently reiterated this commitment, stating “we should limit climate change to a maximum of two degrees”(Miliband & Miliband 2009) [emphasis added]. To date, there is no suggestion the new Government is seeking to strengthen the level of existing commitments they inherited from the previous administration. In this regard the gap between rhetoric and reality is set to remain; it may even, according to some of the responses proposed to soften the impacts of the economic downturn, actually grow further over the coming years (e.g. suspending the fuel-duty increase planned for April).

The UK’s Committee on Climate Change
Whilst the language often used in Government statements evidently suggests a zero to low probability of exceeding 2°C, the Government is not explicit in quantifying what probabilities underpin their statements. In the absence of such quantification, probabilities can be inferred based on the approach developed for the IPCC’s (the UN’s Intergovernmental Panel on Climate Change) reports on climate change, whereby a correlation is made between the language of likelihood and quantified probabilities. Following this logic even a conservative judgement would suggest that Government statements could reasonably be quantified as representing a 5% to 33% chance of exceeding 2°C. This is a significant departure from the 56% to 63% ‘recommend[ed]’ by the UK Government’s Committee on Climate Change (the CCC). Converting these probabilities of exceeding 2°C into emission-reduction rates and therefore low carbon policies illustrates the scale of divergence between the CCC’s position and many Government statements on 2°C.

According to the CCC’s analysis their 56% and 63% chance of exceeding 2°C corresponds with UK annual emission reduction rates of around 3% p.a. from 2008. Applying the CCC’s analytical logic to the probabilities implied in the Government’s statements (i.e. 5% to 33% of exceeding 2°C), raises the emission reduction rate dramatically to at least 9% annually. As this also includes emissions related to food production, a significant proportion of which it is not possible to eliminate, the emission reduction rate for energy alone would likely be considerably higher still, if indeed any emission space for energy exists at all. The implications of the different probabilities of 2°C are difficult to exaggerate. Applying the CCC’s probabilities gives 2020 and 2050 emission reductions of ~40% hand 80% respectively, relative to 1990. By contrast extrapolating the Government’s oft-cited stance on not exceeding 2°C has reduction levels rise to almost 70% by 2020 and virtually 100% by 2050, again relative to 1990. This latter scale of reductions corresponds with rates proposed in earlier Tyndall research for emissions from all sectors and, as noted above, would likely be much higher for energy alone (e.g. emissions from combusting kerosene in aircraft, coal in powerstations, petrol/diesel in cars) 

It should be noted that the scale and rate of emissions reductions necessary to achieve the Government's stated objective of limiting temperature rise to 2°C have no historical precedence, outside of countries experiencing severe economic upheaval or recession. Even the rates pertaining to the CCC's probabilities are likely to test the limits of what are economically and politically possible.
What is clear, is that any effort to avoid greater than 2°C rise in temperatures must involve immediate emissions reductions to have any realistic chance of success. Failure to take action in the short term increases the likelihood that in the future we will have to choose between suffering economic (and presumably also political) upheaval from the rate of reductions necessary, or from the cost of adapting to, or failing to adapt to, the subsequent change in climate. 
Probable Impacts of a rise of 2°C or more
It is important to note that although the 2°C target has been widely adopted in political discourse as being the appropriate threshold between acceptable and dangerous climate change, more up-to-date research casts doubt on this characterisation. Recent assessments of the likely impact of a 2°C rise in temperature suggests, if the logic of previous policies is to remain, that it should more properly be seen as the threshold between dangerous and extremely dangerous climate change.
Considering the degree to which the 2°C figure has become embedded in both national and international efforts to regulate emissions, and the difficulties inherent in meeting this target, it is increasingly difficult to envisage a policy framing that could avoid  “dangerous climate change”. However, it is clear that the 2°C target cannot be regarded as an ideal which could be missed if it is not convenient. A global temperature rise of 2°C still carries with it significant risks and far-reaching consequences.
Models which consider 'business-as-usual' scenarios (i.e. emissions continuing to rise at current trends) suggest that the most likely outcome would be a temperature increase of 3-4°C sometime towards the latter quarter of the century; with most models suggesting the higher figure. One possible consequence of this level of temperature rise is that the likelihood of non-linear climate responses increases. That is to say, the warming itself becomes increasingly more likely to set in motion natural processes which in turn contribute to even greater warming.
Even if we put this alarming prospect to one side, a temperature rise of 4°C raises considerable cause for concern. Impacts include around 13% of the planets total land mass experiencing average temperatures which (due to regional variations around the 4°C average rise) have no current analogues anywhere on the planet today. Much of Africa would experience climactic conditions unlike anywhere today, meaning that agriculture in the region will face unprecedented challenges. In the most water-stressed regions of the world, currently home to one-fifth of the global population, a 4°C temperature rise could reduce water availability for 50 per cent of residents and increase availability to only 35 per cent. Some recent estimates of sea level rise suggest increases of more than one metre in a 4 °C world by 2100 if recent contributions from melting land ice continue. In these circumstances, over 136 port cities with present-day populations greater than 1 million would be at risk, requiring protection or translocation of over 500 million people. This scale of risk to human life and social cohesion makes a pressing case for immediate action to limit temperature rise to 2°C; as per existing international, EU and UK commitments.
Implications for the Aviation Industry
The disjuncture between many Government pronouncements and the CCC’s position on 2°C are pertinent to all sectors and not just aviation. However, the CCC’s statement on aviation does illustrate the scale of the disjuncture, both quantitatively by 2020 and 2050 and in terms of the appropriateness or otherwise of low-carbon policies. Consequently, whilst the CCC may be in a position to reconcile its emissions trajectories with emissions from aviation in 2050 (at the same level as those emitted in 2005), Government and EU commitments to making their fair contribution to ensure “temperature increases do not exceed preindustrial levels by more than 2°C” leaves no meaningful emissions space for aviation in 2030, let alone 2050. The policy repercussions of this distinction are significant. Depending on the ability and acceptance of other sectors to compensate for continued aviation emission, proceeding with a third runway at Heathrow would not necessarily conflict with the CCC’s emissions trajectories. However, this is categorically not the case if the Government’s commitment to 2°C is translated into emissions targets. In this case, the aviation sector, as with all other sectors, would essentially require zero-emission energy use by 2030.

It is worth noting that the CCC’s latest report (The Fourth Carbon Budget) makes direct reference to the importance of aviation and how, if allowed to grow, this sector’s emissions (and those from shipping) will make emission reductions from other sectors even more challenging.

Taking Government statements on 2°C to their logical conclusion implies a significant shift towards rapid and large scale mitigation, leading to complete decarbonisation of the energy system by 2030. With regards to aviation investments, Government commitments to 2°C, if to be taken seriously, cannot be reconciled with any investment in additional airport capacity. This situation will remain until the aviation industry actually achieves improvements in fleet efficiency (reduced emissions per passenger-kilometer travelled) that exceed any increase in passenger-kilometers travelled associated with expansion.
As it stands in 2010, there is no suggestion that the revolution in emissions-reduction from aircraft necessary to justify further airport expansion will be forthcoming before 2020 and probably even 2030. Jet engines are a mature technology, and as such a step-change in fuel efficiency is unlikely, within the foreseeable future. Furthermore, the long design cycle and in-service life of aircraft, effectively locks society into current technology for at least the next 30–50 years. Until such time and assuming genuine commitment to the Government’s stated position on 2°C and dangerous climate change, the maths of the situation make it absolutely clear that airport expansion cannot be sanctioned, and practically speaking any reductions in aviation emissions will primarily have to be achieved through a reduction in flights

Basic Numbers on Aviation Emissions
[bookmark: _GoBack]Emissions from aviation in the UK are approximately 37 million tonnes of Carbon Dioxide (MtCO2), representing around 6.5% of total emissions. Prior to the economic downturn emissions from UK aviation were growing at around 5% p.a. With regards to Manchester Airport and based on departures only, emissions are a little under 3 million tonnes of carbon dioxide p.a. and set to grow if the airport expands.

If we were prepared to accept even a 1 in 3 chance of exceeding the UK Government's 2C commitment, then globally we'd need to reduce CO2 emissions to around 1 tonne per person by 2050 - assuming the UN's mid-range population estimate of 9 billion. 

However, for UK and similar wealthy nations emissions need to drop to around 1 tonne much earlier - ideally immediately if any reasonable emission space for the world's poorer nations is to remain. Even assuming extremely limited emissions for the poorer nations, per capita emissions from the UK and other such nations would need to drop to a tonne by around 2030. 

To be blunt, if commitments about limiting temperature to a rise of 2°C are to be taken seriously, and assuming India, China and the world's poorer nations successfully peak their emissions by 2025 - which in itself is enormously challenging, then we need to get down to 1 tonne of CO2 per year almost immediately.


