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Indeed, in February this year the 
Intergovernmental Panel on Climate Change 
(IPCC) published the first volume of  
Climate Change 2007, The Physical Science Basis – 
a comprehensive picture of the latest scientific 
understanding on the issue. This report was 
produced by some 600 authors from 40 countries 
and assesses the current scientific knowledge 

of the natural and human drivers of climate change, observed changes in 
climate, the ability of science to attribute changes to different causes, and 
projections for future climate change. 

The report concludes that warming of the climate system is 
unequivocal, as evident from observations of increases in global average  
air and ocean temperatures, widespread melting of snow and ice, and rising 
global sea levels. It says that it is “very likely” – or that there is at least a 
90% chance – that human emissions of greenhouse gases (GHGs), rather 
than natural factors, are the major cause of this global climate change. 
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BECAUSE OF THE FOSSIL FUELS already 
burnt, there is more carbon dioxide (CO2) in the 
atmosphere than there has been for at least 
half a million years – perhaps even the last 
20 million years. Moreover, the global economy 
is generating CO2 at an accelerating rate. These 
uncontroversial facts, combined with simple 
ideas on greenhouse warming dating back to 
Tyndall1 and Arrhenius2, should in themselves 
motivate deep concern, but of course the 
science has firmed up immensely.
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Furthermore, because of time lags in the climate 
system, even if we could keep atmospheric levels  
of GHGs constant at today’s level by drastically 
reducing emissions, we would continue to see 
further global warming and rises in sea levels. 
And we will have to learn how to live with the 
changes these bring.

This report has underscored, yet again, that the 
scientific understanding of climate change is 
sufficiently clear to justify nations taking urgent 
action – both to cut GHG emissions into the 
atmosphere and adapt to its impacts.

And it is not just science that speaks to the 
urgency of action. Sir nicholas Stern, former Chief 
Economist at the World Bank, in his review of the 
economics of climate change3 estimated that, on 
the basis of formal economic models, if we don’t act, 
the overall costs and risk of climate change will be 
equivalent to losing at least 5% of global GDP each 
year, now and forever. If the wider range of risks 
and impacts is taken into account, the estimates of 
damage could rise to 20% of GDP or more.

Stern argues that justice to future generations – 
plus the possibility that ‘business as usual’ could 
itself lead to climate change so drastic that it chokes 
economic growth – justifies adopting a low 

discount rate, and committing substantial 
resources to cutting GHG emissions now rather 
than later. (There are other contexts where non-
commercial discount rates are applied. Indeed, in 
discussing nuclear-waste disposal, people talk 
with a straight face about what might happen more 
than 10,000 years from now – thereby implicitly 
applying a zero discount rate.)

In our reaction to impending climate change,  
to quote US Vice President in the Clinton 
administration Al Gore, “We must not leap from 
denial to despair. We can do something and we 
must.” Yet, notwithstanding the ratification of  
the Kyoto Protocol – which commits countries to 
international targets on reducing emissions of  
GHGs – we are still just coming out of the starting 
blocks in our efforts to tackle climate change. 

At an international level, the leadership that the 
developed countries should be showing has been 
impeded by the dispute over whether there should 
be legally-binding national targets. Such arguments 
have caused the world to lose sight of what should 
be the most important objective of policies on 
GHGs, namely to stabilise their concentrations 
in the atmosphere at a level that avoids an 
unacceptable risk of ‘dangerous’ climate change.

The United nations Framework Convention on 
Climate Change – which underpins the Kyoto 
Protocol – commits the international community 
to ‘stabilisation of GHG concentrations in the 
atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate 
system’. However, the convention does not define 
‘dangerous anthropogenic interference’ or exactly 
at what concentration GHGs should be stabilised. 
These definitions are crucial to inform the level of 
action, including emissions reductions, that is 
required. They must be informed by science, but 
at their very heart are questions concerning what 
effects of climate change the international 
community deems politically, socially and 
economically unacceptable.

We need a ‘son of Kyoto’ agreement that takes 
us beyond 2012, the first commitment period of 
the Kyoto Protocol, that rallies international 
action, involving developed and developing 
nations, to meet an appropriate and ambitious 
stabilisation target informed by these definitions. 

The greenhouse effect

1: Normally
solar energy
reaching the
earth is absorbed
at the surface

2: Earth’s warmed surface
emits infrared radiation

3: Greenhouse gases in the
atmosphere act as a blanket,
absorbing and radiating heat
back to the earth’s surface

4:  As human activity causes
the blanket of greenhouse
gases to thicken, the amount
of heat radiating back to the
earth’s surface increases,
causing global warming
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Any such target must remain flexible, with the 
potential to be amended if necessary, as science 
reduces the uncertainties.

And to meet the challenge of reducing the levels 
of GHGs in the atmosphere, we must be promoting 
and investing in renewable energies as well as 
improving energy efficiency, managing demand 
better and exploring new technologies such as 
‘clean’ coal and carbon capture and storage (CCS). 
Irrespective of climate change, these would be 
beneficial in enhancing energy security. 

replacing the traditional coal, oil and gas that 
now supply around 80% of the world’s growing 
energy needs is an immense challenge. This will 
require appropriate policies and economic 
instruments to promote energy efficiency and 
to incentivise clean fossil-fuel, nuclear and 
renewable technologies. 

There should be, for example, a cost on 
emissions of CO2 from all sources, including 
industry, domestic users and transport, in the form 
of a ‘carbon tax’ to help encourage investment in 
low-carbon technologies and move us away from 
the current system with its reliance on fossil fuels. 

Vitally, we also need to be addressing the serious 
inadequacy of research and development (r&D) 
funding and provide incentives to accelerate 
advanced energy-related r&D, including in 
partnership with private companies. These 
concerns were set out in a statement issued by the 
royal Society and the science academies of other  
G8 nations, plus those of China, India, Brazil and 
South Africa, last year before the G8 summit in 
St Petersburg, 

While the joint communiqué that came out 
of this G8 summit included many significant 
commitments, it omitted one crucial pledge:  
a significant increase in their governments’ 
investments in r&D for energy technologies.  
This omission reflects a worrisome lack of 
determination to accelerate the development of 
new energy technologies. The urgent challenge is 
to meet global demand (scheduled to rise by more 
than 50% in the next 25 years according to the 
International Energy Agency (IEA)) while reducing 
the impact of GHGs on climate change.

The St Petersburg communiqué provided a list 
of future actions focused on private-sector energy 

funding, but neglected to emphasise the importance 
of public-sector r&D funding for those technologies 
too far from market. It is perhaps not surprising that 
the communiqué had little to say on government 
r&D expenditure. A recent paper published by  
Paul runci4 concluded that public-sector r&D 
investment in energy in most industrialised 
countries has fallen sharply in real terms from peak 
levels in the early 1980s, with some stabilisation in 
the 1990s. That analysis demonstrated that the  
11 IEA countries accounting for most of the world’s 
energy r&D had all decreased expenditures as a 
proportion of gross domestic product between  
1975 and 2003. Investments in major energy  
r&D programme areas dropped by 53% between 
1990 and 2003; fossil fuels and nuclear power 
accounted for more than 90% of the aggregate 
decline, but there was also an overall drop of 5%  
for renewable technologies. 

Analysis of these r&D budgets does not tell the 
whole story, but it does demonstrate that industrial-
country governments are not facing up to the huge 
energy challenges that lie ahead. That is worrisome 
because the IEA is predicting that by 2030, based on 
current national policies, 80% of the world’s 
primary energy demand will be met by fossil fuels. 
Meanwhile nuclear, hydro, biomass and waste will 
provide 17% and other renewables, such as 
geothermal, solar and wind energy will only 
account for less than 2%.

As a result, the IEA projects that annual  
energy-related emissions of CO2 will be 52% higher 
in 2030 than in 2003. Unless there is a radical 
change, the world will continue to become more 
reliant on fossil fuels beyond 2030. Without 
unfeasibly dramatic breakthroughs in carbon 
sequestration and energy efficiency, this will  
lead to proportionate increases in atmospheric 
GHG concentrations. 

The royal Society is playing its part. Along with 
the royal Academy of Engineering it is holding an 
international workshop on CCS later this year to 
explore ways to accelerate the development and 
deployment of these technologies globally. The 
Society is also currently undertaking a study 
exploring the research needs for the next generation 
of biofuels to provide more economic, low-carbon 
fuel for cars and other forms of transport.
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Few of the vaults meet international standards for  

long-term storage, however, according to the United 

Nations Food and Agriculture Organization (FAO) which 

reports that almost one-fifth of its seeds are already 

degenerating. Hence the creation in 2004 of the Global 

Crop Diversity Trust, affiliated to the UN, operating from the 

FAO’s offices in Rome, and financed by some 15 national 

governments, civil-society foundations and the private 

sector. Interest earned on the money it receives is used to 

improve the construction and management of seed vaults.

Preserving the genetic material of many of the most 

important food crops merely requires their seed to be kept 

frozen. That cannot be guaranteed in developing countries 

where temperatures are often high and electricity supply 

unreliable. The Trust’s current major project is therefore 

the co-financing of a seed vault being built on the 

Norwegian island of Svalbard, close to the North Pole. 

Despite Svalbard’s ground being permanently frozen, the 

vault will be built underground, surrounded by rock, and 

accessed by a 120-metre tunnel. Moreover, it will be 

located about 130 metres above the current sea level,  

safe from the expected rise in sea levels caused by global 

warming melting polar ice.

The vault will have storage capacity for 3 million seed 

samples – “assisting developing countries by offering a safe 

haven for their valuable biological material,” says Norway’s 

Minister of Agriculture and Food, Terje Riis-Johansen. ◆

Concern among scientists over the loss, caused by future 

climatic changes, of crop diversity and global food security 

has in recent years led to the establishment of some 

1,500 seed vaults around the world. The aim is to preserve 

the genetic make-up of many thousands of food plants, 

thereby providing plant breeders with the basic material for 

developing plant strains that can survive climatic change. 

Between them the vaults contain over 5 million seeds.

Banking on seeds

More needs to be done to develop new energy 
technologies that are currently further from 
market to deal with rising energy demand and 
rising GHGs. 

Governments must play a lead role in 
stimulating this process by investing more in 
r&D. One benchmark is set by nuclear fusion, 
where current publicly funded research runs at 
around $1.5 billion per year. But fusion is only one 
of the technologies that are not yet market-ready. 
Proportionate support of all other options surely 
would be a prudent investment in a world where 
the cost of worldwide energy consumption is 
measured in trillions of dollars. These r&D 
expenditures could be funded through carbon 
taxes or similar economic instruments,  
levied initially across the countries with 
the largest emissions. 

Such a proposal may seem ambitious, but some 
commentators have argued, with only slight 
hyperbole, that the energy challenge demands a 
high-profile response analogous to the Apollo 
project, but on a global, rather than national, scale. 
An initiative of this type by world leaders would, as 
happened after the initiation of the Apollo project 
in the US, stimulate education and enrolments in 
science and technology. Might we take heart in US 
President George W Bush’s apparent turnaround on 
global warming when he told this year’s G8 summit 
at Heiligendamm that it is imperative to reduce 
greenhouse gases and to increase energy efficiency? 
His statement “I have come here with a strong 
desire to work on a post-Kyoto agreement” certainly 
signifies a change of tune on the part of the US. The 
trick will be to convert this seeming change in 
sentiment into concrete action. ◆

Svalbard Global Seed Vault
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