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update

Following the Comprehensive Spending 
Review (CSR), the Department for 
Business, Innovation and Science (BIS) is 
to reform Higher and Further Education 
funding. This will deliver broadly 65 per 
cent of BIS resource savings. 

However, it will continue support for the 
highest value scientific research, maintain-
ing the science budget in cash terms over 
the Spending Review period with resource 
spending of £4.6 billion a year by 2014-15. 
A ring fence will be maintained by the 
Department to ensure continuity of invest-
ment in Science and Research.

Key capital projects include £220 million 
in funding to ensure that the UK Centre for 
Medical Research Innovation goes ahead as 
planned. Funding will be provided for the 
Diamond Synchrotron worth £69 million.

In line with the Browne recommenda-
tions, the Government is changing the way 
that Higher Education is funded, moving 
away from the current model to one where 
those who benefit make a greater contribu-
tion to the cost. 

However, the overall resource budget 
for Higher Education, excluding research 
funding, will reduce from £7.1 billion to 
£4.2 billion, a 40 per cent, or £2.9 billion, 
reduction by 2014-15. The Department 
will continue to fund teaching for Science, 
Technology, Engineering and Mathematics 
(STEM) subjects.

Over the course of the Spending 
Review period, the Department for 
Business, Innovation and Skills (BIS) will 
reduce its resource budget by 25 per cent. 
Taking into account anticipated receipts, 
the cut to capital spending by 2014-15 
will be 44 per cent. The Department’s 
Administration budget will be reduced by 
40 per cent, including savings from aboli-
tion of the RDAs.

Some of the Government’s spending on 
science falls under other Departments and 
details about this were still awaited as FST 
Journal went to press, as was information 
on Technology Strategy Board funding.
http://nds.coi.gov.uk/ImageLibrary/detail.
aspx?MediaDetailsID=2489

A global analysis of extinction risk 
for the world’s plants, conducted by 
Kew together with the Natural History 
Museum, London, and the International 
Union for Conservation of Nature 
(IUCN), has revealed that the world’s 
plants are as threatened as mammals, 
with one in five of the world’s plant spe-
cies threatened with extinction.  The 
study is a major baseline for plant con-
servation, says Kew, and is the first time 
that the true extent of the threat to the 
world’s estimated 380,000 plant species 
has been known.

Scientists carried out the Sampled Red 
List Index assessments, a representative 

sample of the world’s plants, in response 
to the United Nations’ International Year 
of Biodiversity and the 2010 Biodiversity 
Target.

The work relied heavily on the vast 
repository of botanical information held 
in Kew’s Herbarium, Library, Art and 
Archives, which includes some eight mil-
lion preserved plant and fungal specimens; 
on specimens held in the Natural History 
Museum’s own extensive herbarium of six 
million specimens; on digital data from 
other sources; and on collaboration with 
Kew’s network of partners worldwide.
www.kew.org/news/one-fifth-of-plants-
under-threat-of-extinction.htm

The Royal Society, the UK’s national 
academy of science, has launched a new 
short guide to the science of climate 
change.  The guide has been written to 
summarise the evidence and to clarify 
the levels of confidence associated with 
the current scientific understanding of 
climate change.  It makes clear what is 
well-known and established about the 
climate system, what is widely agreed but 
with some debate about details, and what 
is still not well understood.

The guide concludes that, as in many 
other areas, policy choices will have to 
be made in the absence of perfect knowl-
edge, but that the scientific evidence is an 

essential part of public reasoning in this 
complex and challenging area.

A new website which explains the 
science behind the headlines on climate 
change has been launched by Government 
Chief Scientific Adviser Professor Sir 
John Beddington.  The website presents 
an overview of some of the main areas of 
study in climate science, to help anyone 
wishing to get beyond the day-to-day 
headlines and gain a deeper understand-
ing of the fundamental scientific issues 
involved.  
http://royalsociety.org/climate-change-
summary-of-science
www.bis.gov.uk/go-science/climatescience

Science budget secure in CSR

Plants face extinction too 

New guides to climate change 

Scientific advice to 
Government
A consultation on updating the Code of 
Practice for Scientific Advisory Committees 
(CoPSAC) has been announced by the 
Minister for Universities and Science 
David Willetts and the Government Chief 
Scientific Adviser Professor Sir John 
Beddington.

This follows the publication of the 
Government’s revised Guidelines on the use 
of scientific and engineering advice in policy 
making and Principles of Scientific Advice 
to Government. These Principles are now 
reflected in the Ministerial Code. 

Both documents highlight important 
steps that have been made recently in 
embedding good practice for the manage-
ment and use of scientific advice.  It is 
hoped that updating CoPSAC will, in paral-
lel, underline developments in good prac-
tice for the operation of Scientific Advisory 
Committees. 

Mr Willetts said: “Getting expert sci-
entific advice is fundamental to ensuring 
that policy is credible and sustainable.  This 
consultation on the Code of Practice for 
Scientific Advisory Committees demon-
strates the Government’s continued com-
mitment to promoting scientific advice of 
the highest quality.”
www.bis.gov.uk/Consultations/code-of-
practice-for-scientific-advisory-commit-
tees-consultation-document?cat=open

Global threats to water 
security 
The protection of the world’s freshwater 
resources requires scientists and policymak-
ers to diagnose threats over a broad range 
of scales, from global to local, argues a 
paper published in Nature (467: 555-561).  

The paper presents a worldwide synthe-
sis jointly considering human and biodiver-
sity perspectives on the challenge of water 
security.  

The study uses a spatial framework that 
quantifies multiple stressors and accounts 
for downstream impacts. 

The study found that nearly 80 per cent 
of the world’s population is exposed to high 
levels of threat in regard to water security.  

Massive levels of investment in water 
technology enable the richer nations to 
offset high stressor levels without tackling 
their underlying causes.  Less wealthy 
nations, meanwhile, remain vulnerable to 
water scarcity.  

A similar lack of precautionary invest-
ment jeopardises biodiversity, concludes the 
paper.  Its analysis suggests that the habitats 
associated with 65 per cent of continental 
discharge deserve to be classified as moder-
ately to highly threatened. 
www.nature.com
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Science, technology and the 
Millenium Development Goals

In 2004 the International Union of 
Pure and Applied Physics organ-
ised a major conference in Durban, 
South Africa.  The conference 

brought together physicists from the 
developed and developing countries to 
address a specific topic: how can sci-
ence and technology assist in economic 
development?  Some of the issues dis-
cussed included: medical diagnostics, 
provision of clean water, better exploita-
tion of local resources, interconnected-
ness and access to international scien-
tific literature. 

Following this meeting, the Institute 
of Physics (IOP) decided that it would, 
with help from the World Bank, the 
American Physical Society and others, 
instigate a series of workshops under 
the general heading “Entrepreneurship 
for Physicists and Engineers”.  Although 
there was some opposition from repre-
sentatives of the developed countries to 
the idea of such workshops, the concept 
was enthusiastically endorsed by del-
egates from developing and emerging 
countries, especially those from India, 
Brazil and South Africa. 

The International Centre for 
Theoretical Physics (ICTP), based at 
Trieste in Italy, offered to host the first 
workshop.  ICTP has a long tradition in 
organising workshops, conferences and 
fellowships for scientists from develop-
ing countries and its foundation in 1964 
was the inspiration of a Nobel Laureate, 
Abdus Salam.  Since the first meeting 
in 2005, some six workshops have been 
held in locations alternating between 
the ITCP and a developing country.  
They are hugely oversubscribed (typi-
cally 300 applicants for the 40 places) 

and consistently receive highly positive 
feedback from the participants.

Remarkable science
In October 2009, I attended the work-
shop held in Cape Town where the 
participants were chiefly drawn from 
sub-Saharan Africa.  The host institu-
tion, the iThemba laboratory, specialises 
in nuclear physics and supplies radioac-
tive isotopes for medical diagnostics.  
There were surprises in store for those 
of us who were unaware of the situation 
in Africa.  First, there were remarkable 
examples of high-level science been car-
ried out under very difficult conditions.  
Secondly the idea of acquiring entrepre-
neurial skills was high on the agenda; 
in the exercises carried out by the par-
ticipants working in small groups, some 
quite outstanding ideas for commer-
cial enterprises emerged.  Yet perhaps 
the most memorable impressions cen-
tred on the hope that the Millennium 
Development Goals would indeed be 
met and play a major role in lifting 
Africa out of its poverty-stricken situ-
ation.  Delegate after delegate referred 
to the MDGs and pressed those of us 
from the West about our commitment 
to them.

It seems that after the initial enthu-
siasm generated by the Millennium 
Summit in 2000, the eight goals have 
dropped out of sight among many of us 
in the West (myself included).  I sus-
pect that the deterioration in the global 
economy and the huge problems faced 
by nearly all governments as they try 
to stabilise public finances has diverted 
our attention from the needs of Africa.  
For me and others from the West, it was 

Professor Sir John Enderby 
CBE FRS is the Editor of FST
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from 1976 to 1996.  He was 

elected a Fellow of the Royal 
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World summit 

With only five years left until the 2015 deadline to achieve the Millennium
Development Goals, UN Secretary-General Ban Ki-moon called on world leaders to 
accelerate progress towards the MDGs at a special summit in New York on 20-22 
September 2010.  The summit concluded with the adoption of a global action plan 
to achieve the eight anti-poverty goals by their 2015 target date and the announce-
ment of new commitments for women’s and children’s health and other initiatives 
against poverty, hunger and disease.
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a salutary experience to hear at first 
hand the importance of the MDGs from 
an African perspective. 

Grim outlook
On the face of it, the situation looks grim.  
Of the 20 sub-goals identified by the UN, 
three have shown no progress or have 
actually deteriorated while the progress of 
the rest is insufficient to reach the 2015 
target if prevailing trends persist.  Against 
this background, the current administra-
tion in the UK is to be congratulated for 
promising to maintain DFID’s funding at 
its present level, given all the calls on the 
public purse.

It is idle to pretend that science 
and technology alone can address the 
goals given the problems associated 
with governance, inter-racial strife and 
social values.  Nevertheless, at least six 
goals do require intervention at the 
scientific and technological level.  The 
Royal Astronomical Society, for exam-
ple, aligned much of the 2009 Year of 
Astronomy to address Goal 1 (poverty 
and hunger), 2 (primary education), 3 
(gender equality) and 8 (global partner-
ship).  IOP will continue its commitment 
to development through entrepreneur-
ship and several other organisations and 
universities are playing their part. 

The challenge facing the UK and other 
developed countries is how to ensure that 
the science and technology made avail-
able to all developing countries is geared 
to local needs and infrastructure.  The 
Astronomers, The Royal Society, IOP and 
others are making significant efforts, albeit 
on a modest scale, but the fundamental 
question remains: can these piecemeal but 
highly laudable activities address major 
issues such as the fact that women in devel-
oping countries face a 1-in-26 lifetime risk 
of death during pregnancy?  A further 900 
million people currently rely on water from 
‘unimproved’ sources. 

In short, given the proposition that 
science and technology, broadly defined, 
will be an essential component in the race 
to achieve the MDGs, is there a better way 
to coordinate the various contributions 
made by the UK – or is there strength 
from diversity in emphasis and deliv-
ery?  The UN Secretary-General, Ban 
Ki-Moon, recently declared: “We must 
not fail the billions who look to the inter-
national community to fulfil the promise 
of the Millennium Declaration for a bet-
ter world.”

I hope this topic might form the basis 
of a Foundation Discussion in the not 
too distant future, or at least before the 
deadline of 2015! ☐

THE MILLENNIUM DEVELOPMENT GOALS

Goal 1 Eradicate extreme 
poverty and hunger

Goal 2 Achieve universal 
primary education

Goal 3
Promote gender equality 
and empower women

Goal 4 Reduce child mortality

Goal 5 Improve maternal health

Goal 6
Combat HIV/AIDS, malaria 
and other diseases

Goal 7 Ensure environmental 
sustainability

Goal 8
Develop a Global 
Partnership for 
Development
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On 16 June 2010, the Foundation for Science and Technology held a joint meeting with The Royal
Society, as the UK’s premier academy of science celebrated its 350th anniversary.

Securing our future prosperity 
Martin Rees 

The Royal Society’s report The 
Scientific Century was prepared 
by a broad group not limited 
to fellows of the Society.  This 

included two Nobel Prize winners and 
it pre-figured coalition politics in that 
it included both William Waldegrave 
and David Sainsbury – former Science 
Ministers who earned bi-partisan respect.

The report documented the UK’s 
strengths in academic science: with one 
per cent of the world’s population we 
deliver 10-15 per cent of its scientific 
output.  The report distilled two impor-
tant messages to the Government: first, 
science and innovation must be at the 
heart of any long-term strategy for eco-
nomic growth; and, second, that there is a 
fierce challenge from countries which are 
investing at a scale and speed which the 
UK may struggle to match.  

President Obama pledged, and I quote 
“the largest commitment to scientific 
research and innovation in American his-
tory”.  The biggest ‘tectonic shift’ in the 
world of science, though, is stemming 
from burgeoning growth in the Far East – 
from China above all.  Since 1999, China’s 
R&D spend has risen by 20 per cent a 
year, up to a level which is second only to 
that of the USA.

UK strength
The UK’s current strength in science is 
substantially due to our university system.  
We are fortunate to be the only country 
outside of the USA with several univer-
sities in the premier league.  Harvard, 
Stanford and Berkeley are perceived as 
major national assets because they attract 
global talent; this is due to the collective 
expertise of their faculty and the conse-
quent quality of their graduates.  They are 
connected into all the world’s research.  

These big universities are able to seize 
on an idea from anywhere in the world 
and run with it.  They are repositories of 
expertise and there is direct knowledge 
transfer from university labs to the spin-
off companies around them, the most 
effective knowledge transfer being by the 
movement of people.  That is true of the 
major US universities but it is true here 
too – the high-tech clusters around our 

universities have grown and Cambridge 
was said in an FT article to be a ‘low risk 
place to do high risk things’ because of its 
successful cluster.  

Over the last 10 years British academia 
has become more productive and more 
attractive.  Young people educated here – 
whether British or foreign – have felt that 
our universities offer challenging career 
opportunities.  A substantial proportion 
of faculty posts have, in recent years, been 
filled by distinguished people attracted 
from abroad.  Our universities will only 
stay in the top league if they can attract 
world-class faculty – to do that they will 
have to offer the conditions of their lead-
ing competitors, Harvard, Berkeley and 
Stanford.   

In a world of mobile talents this per-
ceived attractiveness of the UK compared 
to others is very sensitive to funding levels.  

This attractiveness includes relative 

autonomy and reasonable prospects 
of resources to pursue the research we 
choose (choices which are anything but 
frivolous as most academic scientists 
stake much of their working lives and 
reputations on them).

It is fair to say our leading scientists 
have staked their careers on a particular 
line of research – and have chosen well.  
They were given the space and the freedom 
to take professional risks, but the paths they 
took were unpredictable and often the pay-
off was long in coming.  Our universities 
will not stay competitive unless they can 
attract and nurture such people.

Tertiary education
I want to draw attention to the provision 
of tertiary education to the great majority 
of young people for whom the traditional 
honours degree is not appropriate.  The 
expansion in the last 25 years of full-time 
Higher and Further Education is to be 
applauded.  We should now remember 
that universities now accept about 40 per 
cent of each age group, compared to less 
than 10 per cent some 50 years ago.  Yet 
this very welcome expansion has not been 
accompanied by greater diversity of role – 
we should not be listing all universities on 
one league table, they should all be doing 
different things.  And here we can learn 
from the USA, where there are several 
thousand institutes of higher education, 
regional colleges, top quality liberal arts 
colleges and world-class universities.  Of 
those many thousands, less than 300 offer 
PhDs in any subject.  I think we can learn 
from this diversity.

I would like to venture an hereti-
cal opinion – I think there is an undue 
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Translation

Have we devised adequate policies for translating research into business oppor-
tunities?  The Royal Society report was right to identify long timescales and large 
investment as necessary to bring research through to commercialisation.  The
Hauser recommendation for Technology and Innovation Centres is also a sensible 
one.  But these do not wholly meet the need to get small companies, big compa-
nies and academia to work together.  Nor do they address the problem of a lack 
of capital, when venture capitalists refuse to support new companies directly. In 
such cases, big companies need to act as venture capitalists themselves to sup-
port smaller ones.
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Shaping a vision for UK research
Paul Nurse

Iam speaking on behalf of the Council 
for Science and Technology (CST) 
and I want to emphasise three mes-
sages springing from our report, A

Vision for UK Research.  The first is that 
scientific research is of great value to 
the UK: science matters.  The second is 
there should be a greater focus on people 
rather than projects, for the highest qual-
ity research.  The third point is that we 
need to be better at translating research 
into social and economic value.  

I want to start with the attributes of 
science that make it the most effective and 
powerful process for improving knowl-
edge of the world and of ourselves.  It 
is very difficult to talk about scientific 
method but easier to think of attributes 
which define science.  By ‘science’ I should 
say that I include the social sciences.  Both 
respect reliable and reproducible data and 
observation – that is central.  They empha-
sise the need for a coherent and consistent 

general view of the world.  They generate 
ideas and theories which are capable of 
being tested and refuted.  They encourage 
a healthy scepticism – no scientific dogma 
is so sacred that it cannot be attacked: at 
the limits of research, knowledge is tenta-
tive and only becomes more certain as a 

consequence of constant challenge and 
testing.  Knowledge gained in this way is 
reliable and gives us the power to change 
the world.  Francis Bacon said in 1597: 
“For also knowledge itself is power, knowl-
edge can be used to change the world.”  

By providing this knowledge and 
power, science is of great value for the 
creation of wealth, for the improvement 
of health, for enhancing the quality of life, 
for protecting the environment and, in 
league with our colleagues in humanities, 
for enriching our culture.  Countries like 
the USA that have heavily invested in sci-
ence have done very well economically.

Other countries like China and India 
have also recognised this and they too are 
strongly investing in science and technol-
ogy.  The UK must do the same.  Yet to be 
effective, investment must be done well and 
the CST recommends a greater focus on 
the people to drive science and its applica-
tions forward, especially at the discovery 
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focus on traditional three-year degrees.  
Universities are too defensive and apolo-
getic about drop-out rates.  An American 
will say “I had two years at college” and 
will often rightly regard that experience as 
positive – it is surely good that universi-
ties are less selective, take risks on admis-
sion and give even unpromising students 
the chance.  Some may leave after two 
years, but they should leave without being 
typecast as failures, and they should have 
the prospect of continuing later.  

The research universities
The crucial point, though, is to ensure 
that we do not jeopardise areas where we 
are currently strong – and this means par-
ticularly the research universities.  There 
have been two disquieting developments 
recently.  Even the best postgraduate stu-
dents and post-docs are now very worried 
whether there will be a future for them in 
British science.  The signals for these peo-
ple are discouraging and, if not reversed, 
the same signals could turn off the next 
generation.  

Compared to two years ago, the per-
ceived attractions of the UK have fallen 
relative to other countries.  So now we are 
less able to attract talent and we even risk 
losing what we have.  The sums involved 
in sustaining British research morale and 
competitiveness are trifling in budget-
ary terms, even compared to the cost of 
bankers bonuses they are trifling.  Output 
is very sensitive to signals – it makes a big 
difference whether funding is level, going 
down a little, or rising – there is a multi-
plier effect in that talent attracts talent, 
high morale stimulates risk-taking while 
on the other hand pessimism erodes 
confidence and discourages people from 
going into science.  

Right now, it is the job of the scientific 
and engineering community to help the 
Government to meet the immediate chal-

lenges and realise its long-term ambitions. 
We accept that not everything can be 
funded, but some cuts are more irrevers-
ible than others.  Scientific knowledge is 
collective, public and international but 
its benefits can only be captured by those 
who are educated and that is why each 
country needs to maintain strong and 
broad expertise: this is especially true of 
the UK.  

Short term decisions
So, short-term decisions should not under-
mine continuing improvements in the UK 
economy through national assets like our 
research universities.  We must be allowed 
to punch above our weight in developing 
the technologies needed for our economy 
and to meet global challenges.

I will quote what Melvin Bragg said 
when he gave the Wilkins lecture for 
The Royal Society in the Sheldonian in 
Oxford a few months ago.  He said “We 
are supposed to be a clever country.  We 
used to be a common-sense country, but 
not for much longer if the politicians con-
tinue to undervalue the potency of those 
Francis Bacon called ‘the merchants of 
light’, of new knowledge, especially scien-
tific knowledge which is unarguably the 
only sure wealth of the future.” ☐

http://royalsociety.org/the-scientific-century

Figure 1. Expenditure on ‘science and 
innovation’ and ‘green technology’ in 
stimulus packages during the recent 
recession (% of GDP)
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end of science.  We need a culture that will 
find the best scientists, inspire them, edu-
cate them and train them to engage in the 
scientific endeavour.    

A focus on people
The CST focussed on two proposals, look-
ing first at graduate students and post-
doctoral workers and then at more senior 
investigators and research professors.  We 
suggest the PhD should be re-examined, 
perhaps looking more closely at the bal-
ance between a Masters and a PhD.  We 
would wish to keep a broad base in skills 
so that people are still able to engage in a 
wide variety of subsequent career paths; 
with the best graduate students actually 
choosing research.  This may lead to a 
smaller number of PhD students, but 
these would be of higher quality.  We also 
propose that a prestigious national schol-
arship scheme be established to support 
the very best PhD students from the UK 
and around the world – a scheme equiva-
lent to the Rhodes Scholars.    

I personally feel that it is very, very 
important to create a new, highly pres-
tigious research professorship scheme.  
I think that the UK could identify 100-
150 researchers of the highest level, the 
programme could be based on the Royal 
Society Research Professorship Scheme, 
covering all subjects but also with direct 
grant support for their research.  Such a 
scheme would send a signal to the world 
that the UK is serious about science.  

One of the biggest challenges in direct-
ing research funding is that most talented 

scientists are driven by powerful curi-
osity and they are sceptical.  They do 
not, therefore, respond well to top-down 
direction.  However, society has its needs 
and it wants certain problems solved. I 
think we need much more creative think-
ing about how we can best couple these 
two, often conflicting, aims.  We have to 
inspire our best scientists so that their 
curiosity is driven by problems and issues 
of relevance to society itself.  

The best people also need excellent 
infrastructure and excellent support which 
is why the present challenge to university 
funding is so worrying.  They need to be 
very open to inter-disciplinary working as 
it is often in the spaces ‘between subjects’ 
where innovation is found.  

Achieving translation
We must also have better translation of 
research into value.  We sometimes beat 
ourselves up a bit too much about this in 
the UK.  I have spent the last seven years 
in the USA and they worry about it there, 
too.  They do not think they are doing it 
very well and a National Academy report, 
Rising Above the Gathering Storm, made 
just that point.  I believe that no-one 
knows how to do it really well: if we rec-
ognise that, we can think creatively how to 
do it better.  Translation works better in the 
USA in part because there is more money 
in total, and in part because of the entre-
preneurial nature of the business commu-
nity which is prepared to take risks.  

We also need to employ a different 
time frame: it takes time to innovate well.  

As Bacon said in 1625: “Time is the great-
est innovator” – well, it is the same today.  
The stock market and investment com-
munity are often too short-term, driven 
by the imperative of the casino, which is 
not conducive to innovation.  We need to 
emphasise the long-term if we are going 
to get true innovation with less attention 
to marketing or short-term profit.  

Achieving better translation is a big 
challenge.  I think we need to dramati-
cally increase the ‘permeability’ between 
the academy and the applied sectors.  
There must be a better flow of people 
between these two, recognising as David 
Sainsbury has said that we need an ‘eco-
system of innovation’; we need networks 
and we need permeability.  

The UK Centre for Medical Research 
and Innovation will attempt to find solu-
tions to this challenge; it will be people-
focussed, recruiting the best, training 
them well and providing high levels of 
research support but it will also experi-
ment with the innovation which we abso-
lutely require.  

Science is powerful.  It has the power 
to do good, and of course it has the power 
to do bad.  To keep the trust of society, 
scientists need to engage the public in 
dialogue about their research and its out-
comes, listening and discussing.  We have 
to earn our ‘licence to operate’. ☐

A Vision for UK Research — www.bis.gov.
uk/cst/cst-reports#vision 
Rising Above the Gathering Storm — www.
nap.edu/catalog.php?record_id=11463

Establishing a successful long-term strategy
Richard Friend

The first recommendation in the 
Royal Society’s report is the 
establishment of a long-term 
framework.  It is the one point 

about which the Royal Society Working 
Advisory Group, of which I was a mem-
ber, was able to agree on unanimously.  
The secret of success, if we want to bring 
about breakthroughs in research, is to 
ensure some predictability of funding for 
projects which may take several years to 
complete.

Timescales
Taxpayers pay for research on quite a 
large scale, particularly for university 
research.  A key reason is that the times-
cale from genuine discovery to large-scale 
industrialisation is worryingly long.  It is 

said, but I am not sure it is still true, that 
in life sciences patents protect drugs and 
there is a long timescale for trials.  This 
has somehow preserved the industry and 
allowed it to continue its long-range, 
long-term process of discovery through 
to profit.  

In the physical sciences where I work, 
life is much harder.  It is very difficult 
to sustain value over long periods out-
side vertically-integrated corporates.  Yet 
we have done away with these in the 
West although they exist in Asia and are 
remarkably successful in bringing for-
ward expensive technologies.

However, I think I am correct in saying 
that Vodafone (which is not a technology-
heavy company now) succeeded because 
a company called Racal had a technology 

advantage which could be applied locally.  
This attracted investment, which attract-
ed bright people.   I think it can work 
for us that way round. Opportunities to 
grow our own industries will come if we 
get our technology right.  We need to be 
confident that we can take forward some 
of the big challenges.  There are big risks, 
but potentially big pay-offs.  

People
The people are key.  We are in danger of 
taking snapshots of universities and look-
ing at random white-haired professors, 
but actually we should concentrate on 
the PhD students and post-docs passing 
through – and we should be measuring 
their ‘velocity’, not their position.

Most of what goes on in the univer-
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sities involves people moving through.  
There is an interesting chart in The Royal 
Society’s report which indicates that just 
3.5 per cent of PhDs end up as academ-
ic staff in the university system, which 
means that the vast majority pass through 
on their way to something else.  

The report recognises that their 
careers matter too, because these are the 
people who innovate.  There is no cor-
relation between the intellectual ability 
and the drive of my own PhD students 
and the likelihood that they stay either in 
academia or go to industry – it is just a 
different career choice.

I am convinced that basic science is at 
the core of keeping our universities great 
and we really have to be the best, not just 
competitive.  We do succeed in producing 
universities which lead internationally.  
So we must make sure that excellence is 
preserved as a gold standard.  With it we 
are able to measure ourselves directly and 
quantitatively against the competition.  

Is there just a single model where the 
university sits at the top of the pyramid 
and the companies around it are there 
because of the university?  I am not sure.  
I suspect that there are other opportuni-

ties that we do not pay enough attention 
to.  There are many challenges that you 
do not find by going to academic confer-
ences – of the type where someone from 
industry says ‘we have a lot of data and we 
don’t really understand it’.  

The Hauser report
Let me turn, finally, to the Hauser 
Report*.  It highlights an issue which 
I have also become aware of, largely 
through my own involvement with small, 
high-tech companies.  This is the prob-
lem of technology handover.  I think we 
are very successful at training top qual-

ity, international scientists and engineers.  
Many of them move into small companies 
in science parks, but they do not go into 
corporate labs in the UK because these 
have gone – GEC, Marconi, BT Labs, 
CEGB, British Gas and, of course, many 
of the MOD labs. 

Where are our PhDs going to acquire 
the skills that these labs used to offer?  
We no longer seem to have the skill 
base and the engineering competencies 
to take projects through to the level of 
system engineering where it is possible to 
obtain funding through the market.  As 
the Hauser report shows, where struc-
tures exist that allow a career path for 
practical, integrated system engineering 
to be acquired – such as the Fraunhofer 
institutes or the Holst Centre in the 
Netherlands – these are very effective in 
making a difference.  The Hauser Report 
does suggest a way forward.

While the university sector remains in 
good shape, we have to pay some atten-
tion to ensuring that the right career 
options are available for the brightest 
students that we are attracting. ☐

* see pages 10-13 of this issue.

The impact of scientific research
Adrian Smith 

Let me start with a clarification.  
The Science and Research Budget 
is both the budget that current-
ly goes through the Research 

Councils – that is UK-wide – and it is 
the budget that currently goes into the 
English universities on the back of the 
Research Assessment Exercise (RAE),  
(Figure 1).  About £4 billion of the £6 bil-
lion total administered by the Department 
for Business, Innovation & Skills (BIS) 
ends up in the universities; the facilities 
and international subscriptions that make 
up the rest are, in large part, serving the 
community who work in the universi-
ties.  So the starting point here is that 
the universities and the university system 
are utterly fundamental to our work at 
BIS and we cannot, therefore, ignore the 
wider debate that is taking place about the 
size and the shape of the higher education 
sector, with the Browne Review on fees 
and the potential for some really radical 
thinking about the sector. 

Over the last 10 years we have had 
sustained, increased investment – yet so 

have many competitive countries.  Some 
of this increase represents ‘volume’, while 
some represents a financial change, in 
the introduction of full economic costing 
which was introduced in order to avoid 
over-trading and give sustainability in 
the system.  

The number of researchers who sub-
mitted to the Research Assessment RAE 

in 2008 represented an increase of 12 per 
cent over 2001.  I do not believe there 
was ever a policy or strategy discussion 
about the right growth of the number 
of researchers; it happened because we 
expanded student places in the university 
system.  Universities consequently had to 
hire more staff.  Research-intensive, ambi-
tious and competitive institutions, mean-
while, sought more and more researchers 
who were integral to the RAE.  I think 
there is an interesting question – what 
should be the right strategy on volume?

Long-term stability
Whatever the funding outcomes of the 
spending review are, whatever the strat-
egy is, a long-term vision and long-term 
funding stability are fundamental to the 
whole enterprise.  Furthermore, if we lose 
sight of the quest for excellence we are 
done for, although there may be a more 
nuanced debate as to what excellence 
actually means.  There might be different 
forms of excellence – there might be dif-
ferent political views of what excellence 
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might be and we need to examine that.
There are more than 140 degree-

awarding institutions in the UK but 90 per 
cent of public higher education research 
funding goes to just 40 institutions – and 
that number is getting rapidly smaller. 
Now, if we find ourselves with resources 
that are not increasing, the degree of 
concentration and the focussing of that 
resource on excellence and critical mass 
is something we need to consider.  That 
could cause a perturbation in the fund-
ing pattern of higher education, as well 
as consequences in other policy spaces to 
do with access and geographic distribu-
tion.  There is an interesting debate to be 
had here!

The starting point, though, which 
everybody recognises is that in terms of 
productivity and value for money, this 
has been a profoundly successful system. 
We out-perform our competitors.

There was talk, before the election, 
of higher education being moved into 
an education department: that is no 
longer being considered.  As I and the 
Government’s Chief Scientific Adviser Sir 
John Beddington constantly remind any-
one who will listen, we have to regard BIS 
as the custodian of the research base on 
behalf of the whole Government.  What 
comes out of the research base is funda-
mentally important to health, to energy, 
to the environment, to defence, to secu-
rity, and so on.  So there is a multi-faceted 
range of benefits from research which are 
not narrowly economic.  

However, if BIS is to be the eco-
nomics department that will drive the 
growth which will be the central feature 
of Government strategy, it is in all our 
interests to demonstrate the fundamental 
economic impact of the research base.  A 
huge proportion of the output from that 
research base feeds into public policy, 
public services, debate, culture and the 

delivery of highly-skilled people to the 
labour market through every aspect of 
UK life.  In more narrowly economic 
terms, it helps improve the performance 
of existing businesses and the creation 
of new businesses. The quality of the 
research base acts as a magnet for globally 
mobile R&D investment.

Universities and businesses
Over the years we have given universities 
the capacity to build commercial knowl-
edge and technology transfer expertise.  
The number of spin-offs and the number 
that survive are, again, success stories. 
More broadly, the interface between uni-
versities and business, in terms of money 
generated, has been a great success as 
recorded by numerous studies.    

We have now developed cross-cutting 
research programmes, in combination 
with Government departments and busi-
nesses, to respond to major challenges – 
living with environmental change, global 
uncertainty, aging, digital economy, etc.  
If the taxpayer is spending £6 billion, then 
we have to demonstrate that this is being 
used to solve the big problems of the 
age – yet, on the other hand most of us 
would accept that creativity comes from 
not telling other people what to do.  At 
the moment about 15 per cent of the total 
Research Council budget goes into these 

programmes, so we need to ask if this is 
the right figure and if these are the right 
challenges.

We have a dual support system.  The 
money that goes directly into the institu-
tions enables autonomous universities to 
build great departments, to recruit and 
retain great people and develop their own 
plans.  The money channelled through 
the Research Councils can be directed 
more strategically or it can be ‘blue sky’, 
and it supports PhD students.  There are 
also substantial amounts of money going 
to The Royal Society, the Royal Academy 
of Engineering and the British Academy.  
Do we have the balance right?  

Broader working
Politically, we need to encourage a cul-
ture where it is natural for people to 
work across the academic and business 
interface.

Looking at careers, we have to make it 
easier for people to move around the sys-
tem in different ways – and this will involve 
the nitty-gritty of promotion criteria within 
universities and the signals that are sent 
through things like research assessment 
exercises.  If only published work is impor-
tant, how can you take five years away from 
academia to do something else?  

The RAE did establish a competitive 
dynamic which significantly changed the 
quality and focus of research.  In a time of 
straitened circumstances, do we need to 
reverse this somewhat to look for struc-
tures or incentives or edicts that encour-
age much more collaboration?    

And the climate in which we are going 
to make these arguments is fundamen-
tally affected by the public attitude to 
science – ultimately the taxpayer has to be 
prepared to spend money on science.  

So we have to address the major chal-
lenges of the age, whilst at the same time 
recognising that creativity comes from 
letting the brightest and the best do what 
they want to do.  We have to negotiate the 
settlement in a highly political context 
against a very difficult situation. ☐

£6bn Science and
Research Budget

£4bn to Research
Councils

£2bn to English HEIs
in QR block grants

£2bn to institutes, large 
facilities, intl. subscriptions

£2bn to UK HEIs in
projects and studentships

Figure 1. BIS research spend (simplified).

Individual and community needs

Scientists are often highly individualistic, driven by passion for their subject, and 
so unlikely to respond to direction.  Yet the Government has to address national 
priorities.  The way forward is for the Government to devise a broad-brush 
approach incorporating social values, while leaving it to institutions and individu-
als to focus on specific projects.  Individual scientists will respond to the need to 
work on areas such as climate change or world hunger from idealistic motives, if 
they know that such work will lead, if not to great financial reward, to meeting 
global needs.
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If science and innovation is vital for the UK’s future economic success, how can it be made more 
effective?  A meeting of the Foundation for Science and Technology on 18 May 2010 considered the 
conclusions of a Government-commissioned review.

Bridging the gap between ideas and 
applications

Hermann Hauser

The UK leads in research, but 
lags in commercialisation.  We 
can improve that by creating 
Government-supported tech-

nology and innovation centres (TICs), 
which I call ‘Clerk Maxwell Centres’.  Like 
the Fraunhofer Gesellschaft in Germany, 
they are intermediate institutions that 
cover the transition of a technology from 
a demonstration to a product prototype 
stage (technology readiness levels 3-8, see 
Figure 1). 

These translational or intermediate 
institutes round the world perform a very 
valuable function in society, facilitating 
the path from research to successful prod-
ucts or licences.  If it had not been for the 
Industrial Technology Research Institute 
(ITRI), Taiwan would not have its phe-
nomenal LCD capabilities.  If it were not 
for its equivalent, the Electronics and 
Telecommunications Research Institute 
(ETRI), Korea would not have its semi-
conductor industry today. 

I am one of the few people still around 
who sat on the Alvey Committee – 
Margaret Thatcher’s committee on high 
technology – when we sadly abandoned 
our own semi-conductor industry.  At 
the time, with Ferranti and Plessey, it was 
as good, at least on the technology front, 
as any other semi-conductor technology 
in the world, perhaps with the exception 
of IBM.  The reason why we gave up was 
quite interesting.  Reports came in that 
Korea was going to spend $500 million on 
semi-conductors.  Everyone thought this 
was ridiculous.  Who would spend these 
very large amounts of money in a country 
that did not even have a semi-conductor 
industry?  The rest is history. 

Research to production
The classic way an idea makes it from 
research through to technology develop-
ment, and on to production or service, 
is for development to be carried out in 
the central research laboratory of a large 
company.  Maxwell Centres in many ways 
fill the void left by the demise of many of 

these central research laboratories, like 
Bell Labs, IBM, Philips – and in this 
country, Martlesham, GEC, Marconi Labs 
and EMI.  

A good example of how this can work 
would be Cisco, which bought a company 
called Kalpana.  Kalpana was a compa-
ny which had revenues of $10 million.  
Cisco paid $100 million for it, and we all 
thought they had gone completely crazy.  
Why would they buy a company with 
$10 million revenue for $100 million?  
The answer was that it invented switched 
Ethernet. Within two years the revenue 
that they had gained from that acquisi-
tion was $2 billion.  

We need these centres now, but not 

just because of the demise of the central 
research laboratories.  Britain is placed 
second only to the United States when it 
comes to the quality of research papers 
that we produce, but we lag in com-
mercialisation.  Maxwell Centres will 
avoid sub-critical initiatives, help with 
the national strategy and encourage the 
skills base.  The centres’ main objective is 
to make research investment-ready.

A particular sector warrants a 
Maxwell Centre if it is big enough to jus-
tify Government’s and tax payers’ money 
being spent on it.  There has to be bil-
lions of pounds of market opportunity 
for the establishment of such a centre 
to be worthwhile.  In addition, the UK 
must have a research or technology lead 
in that sector.  There must be a platform 
technology that has the opportunity of 
creating dozens of companies and licens-
ing technology to a number of large 
companies.  The sector also needs to have 
the ability to retain a valuable part of the 
supply chain.  Last, but not least, of course 
it needs to attract global lead companies 
in the sector.

As to which sectors might be of inter-
est to the government or the TSB, a few 
(which are by no means exhaustive) are: 
regenerative medicine; renewable energy; 
future internet technologies; plastic elec-
tronics; and advanced manufacturing.

The funding levels will be substantial, 
some £50-100 million over a 10-year 
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Funding worries

There are real issues to be resolved about: the practicalities of funding; the abili-
ty to focus Technology Innovation Centres (TICs) on selected sectors; the relation-
ship of TICs with the existing academia/business relationships, where universities 
are already spending much effort on technological development and commerciali-
sation; and the number and regional spread of TICs.  While industrial partners 
will need to provide much of the funding for TICs, there will inevitably be a need 
for Government funding.  Yet it may be unrealistic to expect new money from 
Government.  This, in effect, means looking at existing structures and removing 
or modifying them.  Institutional resistance will be strong, and Ministers will need 
to demonstrate political will if progress is to be made.
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The partnership between the 
Research Councils and the 
Technology Strategy Board 
(TSB) has been a real exemplar 

of success in this current spending round.  
Both bodies provide support for research 
and technical development in areas ben-
eficial to the national economy, including 
creative and financial industries as well 
as more traditional areas.  Despite what 

some academics may think, the Research 
Councils and the TSB do actually work 
together and they see each other as part-
ners.

In considering the Hauser Review, 
we have to decide where precisely in 
this innovation landscape Technology 
and Innovation Centres (TICs) will sit.  
At RCUK we see them probably falling 
within the TSB ‘space’, rather than directly 

into the Research Council area. 
We have a complex and well-popu-

lated research and innovation landscape.  
Research Councils are already involved 
with a variety of different forms of institu-
tions and centres which are looking long-
term.  Despite rumours to the contrary, 
we do get involved in long-term funding 
of research: all the Councils do.

The one agency that I think is near-

The view from the Research Councils
David Delpy

period per sector, so that means £5-10 
million a year per centre.  The idea is 
that about a third should come from 
Government, a third from industry and 
a third from Government or European 
Union projects.

Recommendations
The recommendation of the report I 
wrote for the previous Government was 
that it should establish a number of these 
elite, business-focussed Clerk Maxwell 
Centres.  The Technology Strategy Board 
(TSB), the Research Councils and indus-
try should work on this national strategy 
with a 10-year vision.  They should select 
sectors which meet the criteria I have out-
lined, and work with existing TICs and 
Research and Technology Organisations.  
When choosing the location for a new 
Maxwell Centre they should remember 
that it needs to be close to where the 
research is, but also close to where the 
research can be absorbed – either through 

large companies or through an environ-
ment that supports start-ups.

Government procurement, in my 
opinion, could make a bigger change to 
the entire high-tech sector in the UK 
than anything else we do.  The reason is 
very simple.  If I had to choose between 
having a start-up company receive some 
more equity money or some money from 
a customer, there is absolutely no doubt 
why the latter is preferable.  It is not just 
that the money does not need to be paid 
back, because it is money that a customer 
pays for a good product.  Importantly, an 
informed customer helps the supplier to 
define the product so that it is precisely 
what the customer wants.  So it is not 
just the money involved, but it is also the 
relationship that a good procurement 
office establishes with a young company 
that is important, teaching them what is 
essential in their products.

There should be a permeable mem-
brane between the centres of academia 

and the centres in industry.  This would 
help match technologies to the market.  
We should have an active secondment 
scheme between academia into the cen-
tres, and between the centres and indus-
try.  This is something that we do not do 
as well as we should. 

The TSB is the obvious organisation to 
lead the definition and the funding of the 
centres.  With UK Trade and Investment, 
it should promote them internationally, 
develop links, attract inward investment 
and make research investment-ready. ☐
The Current and Future Role of 
Technology and Innovation Centres in 
the UK; a report by Dr Hermann Hauser 
for Lord Mandelson, Secretary of State, 
Department of Business, Innovation and 
Skills, 2010. www.bis.gov.uk/assets/biscore/
innovation/docs/10-843-role-of-technolo-
gy-innovation-centres-hauser-review.pdf

On 25 October 2010, the Government 
made a £200 million investment in TICs.

1 2 3 4 5 6 7 8 9
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environment
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operational environment

Figure 1. Technology readiness levels. Source: BIS
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est to what Dr Hauser has described 
as a ‘Clerk Maxwell Centre’ is probably 
the Innovation and Knowledge Centres 
(IKCs) that we have been funding jointly 
with the TSB and now other Research 
Councils.  These centres are an attempt 
to meld the academic base with industry 
and long-term user involvement.  There 
are four centres, and currently a call has 
been issued for more.  They are very suc-
cessful and are recognised as such by the 
academic base.  We have had 32 applica-
tions for the two new centres that we are 
proposing to fund. 

So there is a great deal of activity – 
and long-term activity – at that interface 
between the researchers and the users, 
but it is not perhaps at a large scale, 
which is what I think the Government 
was looking for.

A response to the report
We must identify areas on which to focus 
investment.  The mantra “we can’t pick 
winners” in the UK sometimes seems an 
excuse for not selecting or deciding any-
thing.  We cannot continue on that path: 
we have to make decisions.  Dr Hauser has 
been brave enough to state his conclusions.  
His recommendations do link very strong-
ly into the Research Councils’ impact strat-
egy.  If we select the right areas, then these 
centres can build upon some real gems of 
work we currently support.

So, as long as there is a guarantee of 
sustained funding, we strongly support 
the conclusions of this review.  It has to be 
implemented at the sort of level that Dr 
Hauser has proposed, but most impor-
tant, the programme has to be guaranteed 
– it has to be sustained.  People have to 
know that it is worth them investing in 
the long term.

Let me give a personal view – not, in 
this instance, that of RCUK.  These ideas 
have been around for a while; more than 
10 years in one guise or another.  If this 
is worth doing then I would argue that 
further delay just compounds an error 

that we have already made. It puts the 
UK even further behind its competitors, 
so if it is worth doing we should just get 
on with it.

Conversely, if we decide it is not worth 
doing, or if we cannot afford to do it, then 
let us make that decision quickly because 
there are a lot of other things we should 
concentrate on and we do not need the 
diversion. 

So my interpretation of the rather cau-
tious response of the TSB is that they ought 
to just jump one way or the other – and 
rather more quickly than they might prefer.  
That, as I said, is a personal view, though.

Contribution of the Research 
Councils
If these new centres are going to succeed, in 
the long term they have to be linked to the 
very best research groups.  The one thing 
the Research Councils can bring to this 
agenda is that we know where these groups 
are.  The reality is that research excellence 
is not uniformly distributed around the 
country.  Yet we know, at a detailed level, 
where that excellence is – we know where 
it is within individual institutions.  I can 
actually tell you who is good, and if you are 
going to put the best partnerships together 

I would argue that the Research Councils 
have that information. 

More importantly than just straight 
success figures, we have really good infor-
mation on individual academics and their 
ability or desire to work with users.  The 
Research Councils bring an intimate 
knowledge of the research base to the 
determination of which centres to set up 
and who they will work with.

The funding for this initiative should 
clearly not come from the Research 
Councils’ budget.  It does not fall into 
their space, and I would argue that it has 
to be done with new money, or money 
raised from somewhere other than TSB or 
the Research Councils.  If the funding is 
taken for this initiative from the Research 
Councils then the academics will see the 
TICs as competitors for funding and not 
as collaborators.  Why would they work 
with an agency which is taking funding 
away from their research base?

Part of the success of the current collab-
oration with TSB has been that we have not 
been competitors.  In fact, we have been 
collaborators who bring funding together 
from different sources and I think that has 
enabled us to work very well together. 

TICs need to be intimately linked with 
skills training as well as postgraduate 
training.  I would really like to see one of 
my centres for doctoral training working 
in collaboration with an agency which is 
also training apprentices and people with 
practical, technical skills.  Bringing those 
two trainee groups together would bring 
enormous practical benefit.

To conclude: overall, both the Research 
Councils and the TSB are very support-
ive of the establishment of the sort of 
centres the Hauser Review advocates.  
However, they are only worth pursuing 
if the money is not raided from the exist-
ing Research Council or TSB activities 
– or unless some existing TSB activity 
can metamorphose sensibly into Clerk 
Maxwell Centres.  We would also need a 
guarantee of funding for 10 years. ☐

Reflections from personal experience
Alec Broers

In the spirit that these occasions are 
sometimes referred to as ‘debates’, I 
am going to disagree with Professor 
Delpy.  I approach this issue from 

a slightly different direction as I do 
not think that universities are the most 

important participants in these Clerk 
Maxwell Centres: I think industry is.  I 
believe that the fundamental reasons for 
our lack of success in developing world-
leading products lie more with industry 
than with the universities.

It is not the best of times to be launch-
ing new initiatives, but I would argue that 
the creation of the centres should be, in 
large part, a rearrangement of what we are 
presently doing.  This would not neces-
sarily require new resources.
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Additional capital will be required to 
establish the centres initially, but it is my 
feeling that the ongoing expense need not 
be greater than we are spending at the 
moment in a distributed manner.

Of course, resources will have to be 
re-allocated in order to gather the long-
term funding that the Review refers to 
and this is going to be painful for some, 
perhaps many.  That will, however, be 
an inherent consequence of the change 
that, in my mind, we have to bring 
about.  We must learn a lesson from the 
past.  It has been our inability to face 
such difficult decisions that has led us to 
fail in many areas of technology, despite 
being strong in research – as Dr Hauser 
points out.  

It is dangerous to draw general con-
clusions about the translation of science 
into commercial products because of 
the huge range of products that have to 
be considered.  I am going to focus on 
the development of fundamental tech-
nologies, rather than on the design of 
products that use established technolo-
gies or that rely solely on software.  I 
recognise that the design of such prod-
ucts can be complex and important and 
might well benefit from the establish-
ment of Technology Innovation Centres 
(TICs), but I have little experience in 
those areas.  

Instead I am going to draw upon my 
experiences with, and knowledge of, 
several international centres that are 
referred to in the report, as well as my 
experiences in the R&D laboratories of 
IBM, which actually continued for over 
30 years.  My observations reinforce 
many of the conclusions that underlie 
the report’s recommendations.  

Lessons to learn
I want to highlight the need to gather 
together multiple disciplines in order to 
bring technologies to the marketplace.  
I saw this especially when I was work-
ing in the R&D laboratories of IBM 
where, in effect, there were numerous 
TICs.  In the teams I was a member of, 
there were electrical engineers, chemical 
engineers, pure and applied mathemati-
cians, chemists and chemical engineers, 
experts in polymer and organic chem-
istry, materials scientists and computer 
scientists.  

We must learn that the development 
and evolution of fundamental technolo-
gies – whether they be plastic electronics, 
genomic medicine, drug design, micro-
electronics, some aspects of renewable 
energy, communications, and so on – 
require collaboration with scientists and 

engineers with broad skills.  These are 
not blue-sky science projects, although 
new science often emerges en route to 
the successful product; and I would say 
that in my experience more new products 
emerge through an evolutionary process 
in industry than they do from totally new 
science in universities.

The members of the team in these 
centres must have common goals if com-
mercial competitiveness is to be realised.  
I am not here talking about the setting up 
of manufacturing facilities but the stage 
of demonstrating commercially viable 
technologies.  

Another lesson we should learn is 
that the resources required to establish 
international competitiveness are, in 
most cases, very large.  We will have to 
restrict ourselves to a handful of TICs 
if we are to have a hope of succeeding.  
This may mean that some people have 
to change their subjects, or at least the 
particular direction in which they are 
focussing their expertise.  I do not think 
it will be possible to modify our existing 
approaches in some comfortable way and 
still manage to establish these TICs and 
create real competitiveness.

It is important for adequate resources 
to be concentrated in a single facility, 
rather than allow ourselves to be bullied 
into setting up various facilities.  It is 
also important to provide easy access for 
external users.  I was closely associated 
with the establishment of the Cornell 
Nanoscience and Technology Facility in 
1977.  Although the main aim of that 
facility was not to produce product-wor-
thy technologies, the facility is used a 
great deal by industry in developing and 
understanding nanotechnologies.

Collaboration with industry
It is essential that industrial partners 
ensure that the R&D pursued in the cen-
tre where they are participants, is what 

they really need to support their opera-
tions – rather than just more general  
research that might (or might not) be of 
interest to the company at some time in 
the future.

To make sure this is the case, the 
industrial partner should assign to the 
project or centre – preferably full time – 
some of its key engineers and scientists, 
not just employees that happen to be 
‘doing nothing’ and looking for some-
thing to do.

The most effective way to transfer 
technology is via people.  The presence of 
industrialists with a full understanding of 
their companies is essential if the centre is 
to yield commercially viable technology.  

There are other centres I have been 
(and still am) involved with, such as the 
Diamond Light Source, where many of 
the desirable characteristics I have been 
referring to have been met, especially the 
concentration of expertise, the attention 
to users and the desire to work effectively 
with industry.  The main aim is not to 
develop viable commercial products, but 
the advances that are being made are 
none the less important in the develop-
ment of competitive products whether 
they are new drugs or more reliable tur-
bine blades.

Conclusions
So let me finish by gathering together 
the conclusions that I have drawn from 
my experiences over the years.  I am 
assuming that we are going ahead with 
these centres and that we are not going to 
dither about whether to proceed or not.  

First, we need to draw together experts 
from a very broad range of science and 
technology.  Many of these will work 
together within the centres, but outside 
participation should be possible and 
should be encouraged.  Everyone, how-
ever, should share the same goals and, 
when working within a centre, be under 
the centre’s management.  

Second, the industrial partners must 
consider the work of the centre to be as 
important as their own internal work, and 
as a consequence assign key people to it.

Third, and perhaps most important, 
we have to concentrate our resources very 
much more tightly than in the past.  At 
the same time, we have to get people to 
work in a focussed way on bringing scien-
tific advances to the marketplace.

I can hear the objections and screams 
of the scientists, but to me – and I have 
spent a lot of time on what can be regard-
ed as pure science – there is no satisfac-
tion greater than seeing one’s research 
being used to bring benefit to others. ☐



science education

14 FST JOURNAL >> NOVEMBER 2010 >> VOL. 20 (4)

The UK needs skilled people in order to compete globally.  The role of the education system in 
developing young people was the subject of a meeting of the Foundation on 28 April 2010.

Science and society in the 21st century
Mark Walport 

The UK is not rich in natural 
resources, but has a wealth of 
human capital.  All political 
parties have recognised the cru-

cial importance of science, mathematics, 
engineering and technology for the future 
economic and social wellbeing of the UK.  
That future depends first and foremost on 
the value placed on education by society 
and on the resulting quality of our educa-
tion system. 

It was a privilege to chair one of five 
independent advisory Expert Groups set 
up by the previous Government in April 
2009 to develop the UK’s Science and 
Society Strategy.  The group focussed on 
the 14-19 age group, investigating ways 
to ‘stretch’ more able pupils who have 
the potential to study natural science, 
mathematics or engineering at university.  
We consulted extensively, including writ-
ten consultation, one-to-one and group 
meetings with stakeholders, and visits 
to schools and colleges.  Finally, we held 
several workshops to ‘road-test’ our rec-
ommendations. 

We made a series of observations and 
recommendations in our report, Science 
and Mathematics Secondary Education 
for the 21st Century.  There is good 
news – participation and achievement in 
most science and mathematics subjects is 
increasing in the UK.  Similarly, the num-
bers of students applying to study science 
and engineering in Further Education 
institutions are rising, though less in some 
subjects than in others.  However, the bad 
news is that many young people arriving 
at university to read physics, engineering 
or chemistry do not have the depth of 
knowledge needed for Higher Education, 
especially the necessary mathematical 
skills.  There is also an important short-
age of specialist teachers: for example, 25 
per cent of schools are without a specialist 
physics teacher.

How do we compare internationally?  
The UK’s performance in science and 
mathematics education is broadly similar 
to that of other highly developed coun-
tries but this provides no grounds for 
complacency.  Many educators and poli-
ticians in the USA are equally concerned 
with the quality of science education in 

their high school system.  We must raise 
our game.

Educational quality
There are six domains of activity that 
underpin a first class education.  The first 
three are obvious and inextricably inter-
linked: teaching, curriculum and assess-
ment.  If any one of these is weak, then 
the education system fails.  The fourth 
domain is the educational environment 
– the ethos and value systems of schools 
and colleges are of overwhelming impor-
tance.  As one respondent put it, “You 
know the ethos of a good school when 
you walk through the door”.  Ethos is 
about leadership, community and govern-
ance.  The fifth is the home environment, 
which, although extremely important, 
was beyond the scope of our work.  The 
sixth is ‘market pull’, which is crucial for 
student perceptions and subject choices.  
It is not sufficient to state that science or 
mathematics is a ‘good thing’ – students 
have to be shown how these subjects can 
add value and provide opportunities for 
a better life.  We made observations and 
recommendations for five of these six 
domains.

With respect to the triangle of teach-
ing, curriculum and assessment, our con-
sultation showed sadly that a dominant 
driving force is assessment.  Examinations 
were reported to be ‘the tail that wags the 
dog’, with students increasingly taught 
to pass tests – and poor tests drive poor 
education.

Many of us recall the lifelong influ-

ence of a small number of charismatic 
teachers.  There is no substitute for a 
good teacher and these have a deep love 
for their subject coupled with an ability 
to communicate this.  Specialist teachers 
and technicians are essential if teaching is 
to improve.   These must then be retained 
within the education system.  Up to 40 per 
cent of science and mathematics teachers 
who qualified in 1999 were not in teach-
ing five years later.  The profession has to 
be made more attractive to improve reten-
tion.  This can be achieved by improving 
prospects for career development and 
providing high quality continuous pro-
fessional development (CPD).  A key 
element of this is subject-specific CPD.  
Universal participation in CPD requires 
a cultural change in the behaviour of the 
teaching profession.  One way of ensuring 
this would be to require that the school’s 
executive must account for the uptake of 
CPD by their staff.  Teachers’ career pro-
gression should be linked to professional 
development and pay structures used to 
reward and retain specialists. 

We found with respect to curriculum 
and assessment that Higher Education 
institutions, professional bodies and teach-
ers have become progressively disengaged 
from the process of devising curricula 
and assessing academic performance.  It 
is extremely important that these bodies 
re-engage and are held accountable for 
making certain that the curricula and 
examinations work well.  Standing expert 
groups should be established in each sub-
ject area to advise on the development 
of curricula and on the criteria for the 
examinations.  There was a universal cho-
rus of complaint about insufficient math-
ematics content in the science curriculum.  
Mathematics content must be boosted 
substantially in the physics, chemistry and 
biology curricula for 14-19 year-olds. 

In-depth learning
A good curriculum must balance breadth 
and depth of learning.  It should provide a 
core of knowledge and beyond that should 
provide flexible scope for in-depth learn-
ing in areas suited to the interest and apti-
tude of both teacher and student.  Young 
people should have the opportunity to 
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Improving science teaching
John Holman

The quality of an education sys-
tem ultimately depends on the 
quality of its teachers.  One can 
have excellent laboratories, well 

designed curricula and good examina-
tions, but if good teachers are lacking 
then the system will not be successful.  
The mission of the National Science 
Learning Centre is to improve the profes-
sional development of teachers.  Project 
ENTHUSE is a partnership project that 
provides bursaries for teachers from all 
over the UK to come to the National 
Science Learning Centre for professional 
development.  The project is a three-way 
partnership between The Wellcome Trust, 
the Government and seven major science-
based industries.

Science is a broad area that needs 
to be considered alongside technology, 

engineering and mathematics.  A 2009 
CBI survey of employers found that, 
of those who expressed a preference, 
two thirds said they prefer people with 
degrees in STEM (science, technology, 
engineering and mathematics) subjects – 
see Table 1.  STEM looks rather different, 
depending on whether you are standing 
inside a school looking out, or outside 
a school looking in.  In a school there 
is a large amount of science and math-
ematics in the curriculum, with a lesser 
amount of technology and engineering.  
Outside the schools, by and large, people 
employed in STEM fields are mostly 
working in technology and engineering, 
using knowledge gained by studying sci-
ence and mathematics. 

undertake an extended project in which 
they study a subject area in depth; ideally 
this should include hypothesis generation 
and practical work.  Such projects might 
form one component of a portfolio which 
the young person would use in support 
of their application to Higher Education, 
in much the same way as art students 
already submit a portfolio.  

To improve assessment we recom-
mended that the overall burden of exams – 
in particular the modular system in which 
exams can be taken at different times and 
can also be repeated – should be reduced.  
Modular exams should be restricted to a 
single period in the summer term.  

The examinations themselves need to 
be better constructed.  More work is need-
ed to strengthen the quality of the exami-
nation questions and to ensure that they 
test in-depth problem-solving and a deeper 
understanding of the subject.  Examinations 
should also take into account whether the 
answers are clearly and grammatically writ-
ten.  It is important that scientists are able 
to communicate clearly.

In England, there are three examina-
tion bodies and there is concern, acknowl-
edged by the examination bodies them-
selves, that competition between them 
could lower standards, schools and stu-
dents choosing those that are perceived 
to provide the easiest tests or highest 
grades.  There needs to be tough regula-
tion to ensure that examination bodies 
work to raise standards rather than to 
reduce them.  If this fails, the less palatable 
alternative is that the number of examina-

tion bodies should be reduced.  In addi-
tion, the practice of examination bodies 
endorsing textbooks based on their own 
examinations drives the primacy of the 
test rather than the education and we rec-
ommended that this should be stopped.

‘Market pull’ is key to influencing 
subject choice and key subject choices 
are made early in education, often before 
the age of 14.  School students need high 
quality, consistent information about the 
value and opportunities provided by dif-
ferent subjects, ideally delivered in the 
classroom by specialist teachers.  This 
would enable them to see clearly the 
relevance of different subjects and how 
study of these might open doors and pro-
vide opportunities in the world outside 
the classroom.

Ethos
School and college ethos initially seemed 
to be a somewhat ‘soft’ area for rec-
ommendations.  However, it ultimately 
became the subject of one of the key 
recommendations: that the equivalent of 
the ‘corporate combined code’ applied to 
businesses, or the ‘statement of recom-
mended practice’ applied to charities, 
should be developed for schools and col-
leges.  This would set out the key per-
formance criteria for a school or college, 
emphasising the quality of education as 
the prime parameter.  This code would be 
used by the executive team and governing 
body as a framework against which the 
executive would perform and the govern-
ing body provide support and challenge.  

Schools and colleges would report annu-
ally against this code in the same way that 
businesses and charities report against 
their respective codes of practice.

As an example, such a code would 
cover career development for teachers, 
including retention, promotion, and con-
tinuous professional development.  For 
each of the activities necessary to develop 
an outstanding school or college, the code 
would set out the relevant parameters.  At 
the end of the day, the best schools and 
colleges have outstanding leadership cou-
pled with first class governance.

Ultimately it is the quality of teachers 
that matter.  We must empower well-
qualified teachers to use their skills and 
professional judgement to deliver the best 
education in a flexible fashion.  They 
should be enabled to teach their subjects 
in depth and in ways that are interesting.  
They should have opportunities to link 
with the wider science, engineering and 
mathematics community in academia 
and business.  This must be done in the 
context of secure subject content and 
standards.  All of this depends on strong 
governance and accountability in every 
domain of education, from schools and 
colleges to the bodies that set curriculum 
and examinations.  We owe this to the 
teaching profession and to future genera-
tions of children. ☐
Science and Mathematics Secondary Education 
for the 21st Century. Available at: http://
interactive.bis.gov.uk/scienceandsociety/
site/learning/2010/02/25/new-science-and-
learning-expert-group-report
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The language of science
Mathematics is the language of science and 
underpins much of what modern employ-
ers want.  It needs to be an intrinsic part of 
science teaching and included in science 
examinations.  If you are an aficionado of 
science examinations, you will know that 
you have to hunt quite hard to find mathe-
matics in GCSE and even in A-level science 
papers, and I do not think that is right. 

It is encouraging that between 2005 
and 2009 the number of students taking 
mathematics at A-level rose by 40 per 
cent – a higher increase than in any other 
A-level subject.  Although this reflects the 
low number of students choosing math-
ematics prior to 2005, it also demonstrates 
that young people are increasingly real-
ising that rigorous, quantitative subjects 
such as mathematics will make them more 
employable.  There are a number of factors 
behind this, the two most evident being the 
current economy and the introduction of 
tuition fees.  However, more positive rea-
sons include Government initiatives such 
as the National Centre for Excellence in the 
Teaching of Mathematics (NCETM) and 
a brilliant programme called the ‘Further 
Maths Support Programme’.

Returning to the CBI survey, 42 per cent 
of employers said they had no preference 
regarding degree subject.  When the CBI 
asked what the most important factors were, 
a set of criteria that might be called ‘employ-
ability skills’ came at the top.  These criteria 
included generic skills such as team working 
and problem solving.  Clearly young people 
need a broad curriculum that includes a 
wide range of activities such as team sports 
and drama, but they also need science and 
mathematics to be taught in a way that will 
enable them to learn these generic skills.

Influences in primary school are cru-
cial factors in the choices young people 
later make.  There is abundant evidence 
that young people make up their mind 
about what they want to be and whether 
they want to have a scientific career very 

young.  When the Royal Society asked 
over 1,000 scientists and engineers when 
they decided that they wanted to be a sci-
entist, nearly two thirds of them said it was 
before the age of 14.  

Primary science
One of the very successful parts of the 
National Curriculum in England was the 
introduction of primary science and the 
stimulation that this gave to the teaching of 
science in primary schools.  However, there 
have been a number of studies suggesting 
that children’s interest in science is declining, 
particularly as they get towards the end of 
primary schools, into Year 6.  There are prob-
ably a number of reasons for this, including 
the introduction of tests in primary science 
and the fact that in some schools quite a lot 
of preparation for tests goes on, particularly 
in the last year of primary school.  That has 
now changed and there are no longer tests 
for science in primary school – but will we 
be able to capitalise on this?

In primary science there are three very 
important points to bear in mind.  The first 
is that in primary schools, unlike secondary 
schools, most teachers are not subject spe-
cialists.  Therefore subject knowledge and, 
even more importantly, the confidence to use 
subject knowledge and engage in science is 
very important for primary school teachers.  
Professional development, including training 
of the kind that the Science Learning Centres 
provide, is essential if primary school science 
is to continue to grow in strength and inspire 
young people to go into science.

The second point is that science is a 
core subject in the primary curriculum, 
alongside mathematics and English, and 
until recently it was tested.  Science tests 
have now been removed from the primary 
curriculum.  On the one hand this is ben-
eficial because studies have suggested that 
children’s interest in science declines as 
they near the end of primary school, and 
this may be a result of the focus on prepar-
ing for tests.  On the other hand, removing 

the tests has reduced the importance of 
science in the eyes of some head teachers.  
So it is even more important to keep the 
profile of science high in primary schools.  
An example of this is the introduction, 
with the support of the Science Learning 
Centres, of the Primary Science Quality 
Mark.  We need to make sure that primary 
science remains strong and valued.  

The third point is possibly the most 
important of all.  Graduates alone are not 
enough.  

Technical skills
Historically, we have not valued those 
whose skills are on the technical and prac-
tical side.  Cogent, the sector skills body 
for process industries, forecast that by 
2022 the demand for ‘core workers’ (tech-
nicians and operators) will be greater than 
that for ‘higher-level workers’ (managers 
and professional).  They predict a shortfall 
of 40,000 core workers and an oversupply 
of 13,000 higher-level workers.  We ignore 
the people who are going to be the techni-
cians of the future at our peril. 

This is also signalled very strongly in 
the recent report from the UK Commission 
for Employment and Skills, which high-
lighted the growing importance of techni-
cians, especially in specialist STEM areas 
such as advanced manufacturing and new 
technologies.  The European Centre for 
Development of Vocational Training ech-
oes this forecast.   

The sector that does most to train peo-
ple to be the technicians of the future is 
the Further Education sector.  It educates 
three million people every year and is an 
extraordinarily important part of our edu-
cational system.  According to the Royal 
Academy of Engineering, 350,000 learners 
began an engineering qualification in fur-
ther education, compared with 26,000 who 
began engineering in higher education.  
The 350,000 learners signed up for one of 
605 engineering qualifications.  

A further 601 qualifications exist but 
have no learners!  Choice is a good thing, 
but complexity can bring problems.  Work 
is being done within the qualifications 
accreditation framework to simplify this 
area of qualifications for technicians.  It 
needs to be understood by parents and by 
pupils and employers with the same sort of 
clarity that A-levels are understood.

I will finish by quoting from Nobel 
Prize-winning Sir John Sulston about 
whether we will ever know the truth:  “We 
continue from era to era of growing under-
standing, always with uncertainty at the 
leading edge.”  That is why we need really 
good science education. ☐

Table 1. Employers’ preferences for degree subjects (%).

No specific preference 42

Science, technology, engineering, maths 40

Business 13

Social sciences 3

Humanities 1

Source: CBI Education and Skills Survey 2009.
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Increasing scientific understanding in 
the general population

Lisa Jardine

As an historian of science I will 
remind you that the motto of 
the Royal Society, the venue 
for this meeting, reads nul-

lius in verba, meaning ‘Take no man’s 
word for it’.  It was probably coined by 
John Evelyn in the 1660s to capture 
the concept that science is never to be 
taken on trust.  Science is to be grasped, 
understood and absorbed by every indi-
vidual – a sort of great Utopian ambi-
tion.  Everybody in the English-speaking 
nations would internalise their under-
standing of the new science and they 
would then become functioning, scien-
tific members of the nation, the com-
munity in which they lived.  Acceptance 
comes through understanding – ‘take no 
man’s word for it’.

The heart of the problem under dis-
cussion is simply this:  80 per cent of the 
British public have to take science on 
trust because they lack the competence to 
scrutinise and assess it for themselves. 

A scientific world
We inhabit a scientific world.  If we did 
not have electricity we would have to live 
with candles and without phones.  The 
experience of every moment of every 
day that we live is underpinned by sci-
ence.  The fact that ordinary members 
of the public are incapable of grasping 
not just the foundations of science but 
the scientific method of argument that 
would allow them to assess the evidence, 
is shocking.  

When I was on the governing bodies 
of primary schools I became infamous on 
appointments committees.  Miss X would 
come in and show us her dexterity on the 
recorder and how she could do leaf prints, 
Mr Y would come in and show us how he 
strummed on his guitar and tell us how he 
would take the children for nature walks.  
I would always ask them if they could 
teach the children how a lavatory flushed 
... and they would just sort of fumble.  Yet 
although it seems funny (and it always 
made everybody on the committee laugh) 
it is a really serious matter.  Teachers in 
primary schools are not specialists and 
most of them lack confidence precisely 
in the area where 5-11 year-olds need to 
be given the confidence – in assessing the 

information they are presented with.
I once made a radio broadcast about 

uncertainty in science, using the exam-
ple of climate change.  I showed how 
factual information can never be pre-
sented in its entirety and made the point 
that we all need to be able to process 
information when looking at these kind 
of issues.  I received a deluge of email 
criticising me for treating the view that 
climate change is man-made – all of it 
highly emotional and devoid of rational 
scientific argument.  The fact is that the 
British public is swayed to and fro like a 
straw in the wind by bigots and pressure 
groups of various kinds and is unable to 
focus on the problems facing practising 
scientists.

Assessing scientific advice
C P Snow wrote a set of essays entitled 
Science and Government which describes 
how close we came to tragedy in the 

Second World War because nobody in 
Government was equipped to assess the 
advice given to Churchill by scientific 
experts.  In 1944, when all scientific 
resources were brought to bear on trying 
to bring Germany to its knees by aerial 
bombardment, the advice given by the 
statisticians closest to the Government 
was disregarded and replaced instead 
with the advice of the Chief Scientific 
Adviser.  His advice was that the strategic 
bombing initiative would bomb Germany 
into submission.  However, the statistics 
underlying that advice turned out to be 
ill-founded.  Huge numbers of our air-
men died and we did not bring Germany 
to its knees.  

What Snow was saying in his essays 
was that the Cabinet had no way of judg-
ing which of the scientific proposals was 
the right one to adopt; so the day was car-
ried by the politician who was personally 
closest to Churchill. 

To a very large extent this is still the 
situation today.  The number of parlia-
mentarians with an understanding of sci-
ence is pitifully small, and diminishing.  
The prospect of an advanced Western 
nation with a Government that is per-
manently hostage to committees of sci-
entists, whose opinions cannot be prop-
erly assessed by parliamentarians because 
they do not have the wherewithal to do 
so, is a frightening one.

At Queen Mary there are many times 
more applicants for English than for 
Physics.  Yes, let us produce great sci-
entists, but let us also produce more
scientists. ☐
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Governance and collaboration

School governing bodies must play an effective role in ensuring good governance 
and proper accountability.  Unfortunately, the effect of recent legislative changes 
to increase the proportion of parent governors has reduced the number of governors 
with special skills.  These changes need to be reversed if some of the recommenda-
tions in the report are to be implemented.  Employers, as well as further and higher 
education institutes, should engage with schools in order to improve the quality and 
take-up of learning in STEM subjects.   While there may be resource implications for 
companies, greater efforts in this regard may lead to significant benefits both for 
schools and for employers.  Science education is not just for a career; it is for life 
and all players (schools, higher and further education institutes, and employers) have 
parts to play in bringing about the required improvements.
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Among the major infrastructure projects proposed for the UK is a new high speed rail network. 
A meeting of the Foundation for Science and Technology on 17 March 2010 considered the issues 
involved.

The future strategy for high speed rail 
in the UK

Andrew Adonis

The Government’s proposals 
for the High Speed 2 (HS2) 
rail link, outlined in the recent 
White Paper, arise in no small 

part from the remarkable success of high 
speed rail in France over the past 30 years 
and that of the High Speed 1 (HS1) route 
from the Channel Tunnel through the 
Kent and Essex countryside to the glori-
ously restored London St Pancras station.

One of the biggest challenges we face 
in Britain, where the planning system is 
so complex, is to persuade people that it 
really is possible to plan and to build a 
high speed line.  The history of the plan-
ning and building of HS1 was indeed a 
nightmare at times, but we can now look 
back on a project successfully completed 
and now well received.  If we can build 
a high speed line through the ‘Garden 
of England’ and into London, then there 
is no reason why we cannot build a high 
speed line going north from London, 
connecting the great cities of this country 
– and ultimately continue to Scotland.  

We have shown that it can be done.  
This Command Paper demonstrates why 
and how it should be done.  Let me deal 
with the ‘why’ first.  High speed rail will 
deliver significant journey-time savings 
between Britain’s major metropolitan cen-
tres – London, Birmingham, Liverpool, 
Manchester, Glasgow, Leeds, Newcastle 
and Edinburgh.  Central Birmingham 
will be 49 minutes from London Euston.  
Manchester, Leeds and Sheffield will all 
be 75 to 80 minutes from London. 

As far as practical, the plan is to oper-
ate the system much as they do in France, 
where high speed trains can run on both 
the high speed line and the ‘classic’ lines.  
HS2 will join the West Coast Mainline 
at Preston and the East Coast Mainline 
just south of York.  It will be possible to 
run services through to Newcastle, sav-
ing about half an hour on the current 
journey time and through to Glasgow 
and Edinburgh in an estimated three 
and a half hours.  That is a critical tar-
get because at three and a half hours a 

significant shift is achieved in passenger 
numbers away from the plane. 

Additional capacity
Yet journey time savings are only one 
of the reasons why it is in the public 
interest to take forward a high speed 
rail project: two other factors are equally 
significant.  First, there is the need for 
additional capacity.  Our estimates are 
that very significant additional inter-city 
capacity will be required in the 2020s, 
2030s and beyond.  There are only a few 
ways that it can be provided.  We could 
build entirely new motorways, but our 
judgement is that this is not a sustainable 
step forward; motorways do not reduce 
journey times and do not go into city cen-
tres.  Increasing domestic aviation is the 
other alternative, particularly in respect 
of Glasgow and Edinburgh to London, 
but it is not a practical alternative.  

That leaves rail which, in terms of car-

bon emissions, is sustainable.  Estimates 
in the Command Paper show no net 
increase in carbon emissions as a result 
of the high speed rail project, despite the 
huge additional capacity that it creates.  
Indeed, there is the potential for a major 
reduction in carbon emissions if there is 
a big shift from the plane to the train for 
journeys between Scotland and London.  

In terms of capacity, therefore, the 
high speed line offers significant advan-
tages over the other modes of travel, but 
also over other rail options.  Atkins (the 
consultants) estimated that to increase 
capacity by 100 per cent through upgrad-
ing existing conventional lines, you would 
need to invest more in cash terms than in 
building the high speed line (from London 
to the West Midlands).  This is due to the 
cost of disruption during the upgrade 
works.  We concluded that the same will be 
true for increasing capacity further north.  

There are marginal connectivity ben-
efits from upgrading existing lines, while 
there are transformational connectivity 
benefits with the high speed line, and the 
cost/benefit ratio is far more favourable 
for a high speed line than it is for upgrad-
ing conventional lines.  That is an impor-
tant piece of analysis, because there are 
many who worry that the high speed line 
will take investment away from the classic 
railway.  The experience in France and 
elsewhere is that once you embark on a 
high speed rail project, it tends to attract 
more traffic on to the railways overall.

Connectivity
High speed rail is not just about increased 
speed though, there are transformational 
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Rail freight

Freight would not be allowed on HS2 (HS1 was a special case).  Network Rail
would probably want to maintain its preference for passenger traffic, because 
it does less damage to the track; and the passenger operating companies would 
want to expand services rather than be constrained by freight movements.  So
if there is to be an increase in rail freight it can only use the existing network.  
How realistic is this?  
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An opportunity to expand rail travel
Iain Coucher

capacity benefits and a set of connectivity 
benefits that come from not only run-
ning trains faster, but from fundamentally 
changing the Victorian railway map of 
Britain.  The Victorians built their rail-
ways with private companies, all seeking 
to connect their own lines to their own 
individual terminus in London, hub and 
spoke – for this reason there is very poor 
connectivity between them.  

For example, the distance between 
Birmingham and Manchester (the sec-
ond and the third largest cities in this 
country) is just 82 miles, with a standard 
journey time today of an hour and a 
half.  Leeds to Birmingham (the fourth 
largest economic centre in the country, 
connected to the second) has very poor 
connectivity: 116 track miles between 
those cities, standard journey time of 
two hours.  Both of those journey times 
would be halved by the high speed line 
because it will be a single integrated 
line going from London to the West 
Midlands and then forking either side of 
the Pennines.   Leeds to London via the 
West Midlands is precisely 20 miles fur-
ther than Leeds to London via the exist-
ing East Coast Mainline which branches 
off at Doncaster.  However, the trains 
run at 200 miles an hour rather than an 
average of barely 100.  Then, if the Trans-
Pennine link is upgraded (as projected in 

the Northern Hub Proposal), the effect 
continues across to Manchester. 

These connectivity benefits, which will 
fundamentally change and improve the 
relationship between our cities and eco-
nomic centres, are further intensified by 
the connection of Old Oak Common with 
Crossrail at the Crossrail Interchange.  
This has two very important connectivity 
benefits.  First, it is a 10 minute journey 
from Heathrow by Heathrow Express, 
so passengers will come straight into 
Crossrail Interchange, cross the bridge 
onto the Heathrow Express and be at 
Heathrow terminals in 10 minutes.  We 
are looking to see whether that connec-
tion can be further improved, and there 
is a debate as to whether there should be 
a station at Heathrow itself.  

Yet much more important is the con-
nection onto Crossrail from Crossrail 
Interchange station (which is just 31 min-

utes from the West Midlands), where you 
will cross the bridge and go straight into 
the highest capacity, fastest underground 
line in London.  From the Crossrail 
Interchange it is 10 minutes to the West 
End, 15 minutes to the City and 20 min-
utes to Canary Wharf.

If the political consensus holds and 
if we have the drive and the determina-
tion over the coming years that High 
Speed 2 has shown in taking this project 
forward over the past year, then I believe 
it is just possible that in 2026, we will all 
be at London Euston when the ribbon is 
cut and the first HS2 train leaves for the 
North.  And the relationships between 
our major cities will have been trans-
formed, for the better. ☐
http://webarchive.nationalarchives.gov.
uk/+/http://www.dft.gov.uk/pgr/rail/pi/
highspeedrail/commandpaper/pdf/cmdpa-
per.pdf

At Network Rail, we welcome 
the proposals for High Speed 
Rail.  Five or six years ago the 
Government was more inter-

ested in making the current system work 
properly than in expansion.  Why the 
change?  Today we run a record number 
of trains carrying record numbers of peo-
ple, making record numbers of jour-
neys at record levels of punctuality.  Our 
safety record has been re-established and 
demand is growing.  Some of the growth 
comes simply from population growth 
and some as a result of changing employ-
ment patterns and long-distance com-
muting.  We have stimulated growth by 
offering better services at more relevant 
times, opening at weekends and through 
various marketing strategies.

Then there is growth on the rail-
ways that is driven by external factors.  
Congestion on the roads makes rail a 
better product.  Road pricing, congestion 

charging and carbon interventions in the 
future will continue the trend of making 
rail travel more attractive. 

But there is still scope for more growth.  
Each day we carry between three and four 
million people on the major railways.  
In any year probably 10 million of the 

people who live in this country will use 
the railways — which leaves perhaps 50 
million more out there who choose road 
or air rather than the railways.  

A vast untapped market
That is a vast untapped market.  Rail’s 
market share, as the preferred way of trav-
elling, is 12 per cent for journeys between 
50 and 100 miles, 14 per cent for 100 to 
200 miles travel and 16 per cent for 250 
to 350 miles.  That shows us the travellers 
that we must target in future, and the time 
savings made possible by High Speed Rail 
2 can be an important factor in making 
rail more attractive than road and air.  

There is almost universal support for 
investment in rail; we talk to all of the 
major political parties and they all see 
benefits in investment in rail.  They rec-
ognise the good that rail can bring to the 
community, driving economic regenera-
tion, employment and development.  And 
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Future proofing

The whole project rests on assumptions about population and employment 
growth, people’s travel habits and land-use planning policies.  All of these could 
fundamentally change over the project timescale.  Even now working from home, 
internet usage and technical developments in road transport and highway man-
agement are affecting future predications. How flexible are the plans? Can they 
adapt to such changes?
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of course it is good for the environment 
as well.  In terms of carbon emissions, 
the more people we can get onto trains 
the better.  There is plenty of capacity 
available: at most a three-lane motorway 
can deliver about 12,000 people per hour 
into a city centre.  We can deliver as many 
as 30,000 people an hour into inner city 
locations.  With rail you can move so 
many more people — and much more 
freight — than on the roads.

That is why I believe rail must be at the 
heart of our transport and infrastructure 
planning.  The infrastructure we put on 
the ground today could last up to 100 
years and we need to plan for that sort of 
time horizon.  Demand will double and 

probably treble inside the timescales that 
we have planned for our infrastructure 
and the high-speed rail development is a 
huge contribution to that vision. 

A nationwide inter-linked system
To sum up, we welcome the current 
enthusiasm for high-speed rail being 
shown by all political parties.  But there 
are a number of principles which we 
think need to be applied to the building of 
this new railway.  The railway is a nation-
wide interlinked system and it needs to 
be planned and operated as such.  High-
speed rail should take as much time as 
possible off people’s journey times, yet be 
fully integrated with the classic railways, 

both to allow efficient interchange and as 
a back-up system.  

So it is important that the investment 
necessary to build a high-speed rail net-
work does not come from the budget for 
existing rail networks.  Passengers should 
not have to put up with years of disrup-
tion while it is being built.  For instance, 
if there are major works at Euston Station 
(one of our busiest stations), the process 
needs to be sensitive to those who use the 
railway station today.  And we need to 
stress the benefits of rail development for 
society as a whole and for the communi-
ties they serve — an important factor in 
ensuring that we obtain planning permis-
sions for the new routes. ☐

Running high speed rail networks
Guillaume Pepy

Much of the impetus for the 
renewed interest in high 
speed rail in the UK has 
come from the success of 

the HS1 link between the Channel Tunnel 
and London, as well as from continental 
Europe, where the French TGV — the 
Train à Grande Vitesse — has been run-
ning successfully for almost 30 years.  So 
I want to outline the French experience 
with high speed rail, and to explain our 
plans for the future.

In France we currently operate 
1,850km of high speed lines at speeds up 
to 320km per hour.  However, TGV trains 
actually run on a rail network four times 
longer than the total length of the high 
speed lines.  

Since the very start of the high speed 
services, the traffic growth has been 
steady at around 5 per cent per year.  In 
2009, we carried 113 million passen-
gers on domestic routes; and the TGV 
accounts for more than more than 50 per 
cent of the high speed passenger market 
in Europe.

The major concern when it comes to 
investing in high speed rail is the issue 
of market share: will shorter travel times 
significantly increase the attractiveness of 
rail compared to short-haul air travel and 
long-distance motorway journeys?  Our 
experience suggests that, in the critical 
400-1,000km journey range, upgrading 
to high speed rail diverts business from 
road and air.  And of course this ‘modal 
switch’ significantly reduces greenhouse 
gas emissions.

The future
What about the future high speed network 
in Europe?  In France four new infra-
structure routes are currently under con-
struction, on top of the existing 1,850km 
of high speed network.  The new routes 
extend to Spain, Geneva, Strasbourg and 
the Rhin-Rhone region.  Several projects 
are planned – to Brittany and Bordeaux, 
and between Nimes and Montpellier.  

The National High Speed Master Plan 
encompasses 6,500km of lines.  In Spain 
the ambition is to extend the high speed 
network from 1,600km today, to nearer 
10,000km by 2025.

So a high speed rail line can suc-
ceed, but only if it is the right type of 
line, built in the right place.  Upon what 
criteria should those decisions be made?  
Distance and travel time are important of 
course: high speed rail is at its most com-
petitive for journeys taking between one 
and four hours.  This is good news for the 
UK: the whole country could be linked 
effectively by high speed routes bringing 
all major cities to within three hours of 
London.  Your country is the ideal size 
and shape for high speed rail!

Choosing the speed at which a line is 
to be operated is a crucial factor.  Speed 
is not just a way of attracting customers, 
it is also a way to reduce both operating 
costs and rolling stock capital costs.  The 
optimum speed will vary from route to 
route, depending on the characteristics 
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Congestion in city centres

HS2 trains will deliver large numbers of passengers into city centres already heavily 
congested and with overloaded local public transport systems.  Even if Crossrail is 
built as planned and takes passengers quickly to Heathrow or Canary Wharf, there 
will still be large numbers wanting to use London underground and buses.  Similar, 
although less extreme, problems will arise in Manchester, Leeds and Edinburgh.  
Are there adequate plans to cope with these problems?  It is not enough just to 
plan new stations (which need to take into account the needs of an aging popula-
tion who find long walks on stations and interchanges difficult) but much more 
effort must be given to the whole journey from start to final destination.
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of the corridor.  For example, the first 
phase of the high speed line from Paris 
to Strasbourg successfully captured much 
of the air traffic.  The second phase, now 
under construction, will not attract more 
customers from air on this route, so it can 
be designed to run at less than 320km 
per hour:  and our choice may be around 
250kph for financial reasons.  

By contrast, the line between Tours 
and Bordeaux will compete with air 
routes between Paris and the south-west 
of France, where there are still five to six 
million air passengers per year.  On this 
corridor, travel time is of the essence 
and speeds of up to 360km per hour 
would help capture the share of traffic 

we need.  Environmental concerns will 
also be considered by taking appropriate 
operating measures such as, for exam-
ple, a reduction of speed at night on the 
Paris to Marseilles route.

Most in need
That raises the next important factor; 
which routes are most in need of a high 
speed rail link?  Potential transfer from 
air traffic is a good guide: for example 
the bulk of the remaining air traffic in 
France is located in the south of the 
country.  There are still 13 million air 
passengers per year travelling between 
Paris and the south-east; by extending the 
Mediterranean TGV we should catch the 

bulk of this. 
Of course there may be considerations 

that go beyond a straightforward cost-
benefit analysis, such as political deci-
sions to provide high speed rail to new 
regions on account of the socio-economic 
benefits that it can bring.  In France, 
the Auvergne and some Massif Central 
regions come into this category.  

And whatever the shape of the high 
speed network, it is important that it has 
good links to the conventional network.  
This is vital politically, to avoid criticisms 
of a two-speed network.  It also feeds 
customers into the high speed services 
and allows those services to reach more 
destinations, and a broader market. 

So now to conclude.  In Britain you 
have a fine railway heritage, with a rail net-
work spread across the length and breadth 
of the country.  You have in St Pancras 
probably the most beautiful station in 
Europe, where high speed rail links to the 
conventional network.  With Eurostar you 
have already gained some extremely valu-
able experience in high speed rail.  That is 
a strong foundation for the future.  

The future remains largely unknown 
but we can shape it.  Today in China, as 
well as in France, high speed trains run 
daily commercial services at a speed that 
would have been a world speed record 
only 30 years ago.  A high speed rail net-
work created today is not just for a decade 
or two, but for a whole century.  

Do not underestimate the leaps high 
speed rail can achieve in terms of technol-
ogy, commercial success and changes in 
society: “Think big — and be ambitious.”☐
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Iam going to outline the lessons 
learnt at Arup working on the HS1 
link between the Channel Tunnel 
and central London.  And the first 

is the importance of consultation.  There 
had been some pretty stiff opposition 
when the early plans were announced.  
The proposed route would have delivered 
high speed, international services directly 
into the centre of London, but with lit-
tle benefit to those communities that it 
went through on the way.  We started 
our involvement by listening.  It was a 
lengthy process, sitting down with parish 
councils, community groups and amenity 
groups in all the boroughs and districts 
affected, trying to find out what it was 
that people wanted out of this.  

We had one important calculation 
in our favour: two tracks through the 
Channel Tunnel, half of the capac-
ity being taken by the Shuttle, and then 
two tracks from there to the centre of 
London.  QED, we have half of the capac-
ity left over.  How could we use that to 
bring benefit to communities along the 
route through Kent and East London?  
We could do it by providing stations and 
services and totally transforming their 
local rail services as well as the interna-
tional service.

A hunger
In the early1990s there were high levels 
of unemployment, and some of the most 
deprived parts of the country were in 
North Kent and East London, so there 
was a hunger to try and get the railways 
built through their boroughs.  Whether 
at Ashford, Ebbsfleet, Stratford or St 
Pancras, we could bring local benefits, 
with the railway as the catalyst.  

We were also able to reassure local 
groups that we would be able to take 
account of the environmental concerns 
that are inevitable when such a major 
infrastructure project is undertaken.  
Enthusiasm for the project was such 
that when the planning application for 
Ebbsfleet was made, it was not ‘called in’ 
by the minister, a notable achievement for 
such a large-scale project.

As a result of the work that we did on 
HS1, we were appointed to work on some 
of the problems that were being encoun-
tered in France, on the LGV Méditerranée 
which connects the regions of Provence-
Alpes-Côte d’Azur and Languedoc-

Roussillon to the LGV Rhône-Alpes on 
the TGV network.  It was one of the first 
times that there was opposition to a route 
south of Lyons, and we went there with 
the approach I have just talked about – 
listening to people, talking to people and 
finding the route that eventually emerged.  
The line began operations in June 2001 
and has competed successfully with the 
airlines.

Investment in the future
Further afield Arup has worked on sta-
tions at each end of the Beijing–Tianjin 
Intercity railway.  Longer and faster than 
HS1, part of the route was operational in 
time for the Beijing Olympics.  China is 
planning eight new lines by 2020.  That 
expansion is clearly a product of China’s 

economic boom but also an investment in 
future growth — an approach echoed in 
the USA where President Obama certain-
ly sees rail as a component in his fiscal 
stimulus package.  There is an initial $8 
billion investment in the California High 
Speed Rail, where Arup is also involved. 

So, back to HS2. Our experience in 
the UK and elsewhere suggests that HS2 
could be welcomed by those affected 
if they could see the benefits.  There 
is cross-party support for the idea of 
HS2 — though there will of course be 
disagreements, discussions and debates 
about how some of the specifics of the 
project are handled.  But that support 
from the political parties is vital:  these 
projects need several administrations to 
deliver.

The message I would like to leave you 
with is: is it possible to find high-speed 
rail routes that will get buy-in acceptance 
with local residents saying “please put it 
through my borough”?  It can be done 
by following existing transport corridors, 
using good design, finding areas both in 
need of remediation and regeneration – 
and of course by establishing a strategy 
for stations that serves the best interests 
of the travelling public and the areas 
around the stations.  Infrastructure is the 
greatest gift that engineers can give to 
society.  It changes people’s lives. ☐
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Public support

Maintaining HS2 as a national priority depends on the public being convinced 
of the wider benefits to all, not just to the rail travelling public.  The taxpayer 
must understand that rail investment is in his interest, even if he or she does not 
use rail.  This demands not only a prolonged and effective PR campaign but also 
a firm and enthusiastic political lead.  The rail authorities cannot take such a 
leadership role.  Essentially, therefore, the success of the project would depend 
on the leadership of successive Secretaries of State for Transport, strongly sup-
ported by the Prime Minister and Chancellor.
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Delivering high speed rail infrastructure
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The international negotiations on combating climate change are continuing, so a meeting of the 
Foundation on 2 June 2010 considered the options for future progress following last winter’s 
Copenhagen summit.

What next after Copenhagen?
John Beddington 

Ithink the Copenhagen Summit 
enjoyed a degree of success.  For the 
first time, developed and develop-
ing countries agreed upon a 2°C 

target and that was no mean achieve-
ment.  More importantly, more than 70 
countries – accounting for more than 80 
per cent of global emissions – committed 
to reducing those emissions. 

If those 70 states achieved the maxi-
mum reductions indicated in their pledg-
es, emissions may peak by about 2020.  
The science suggests that even this will 
not achieve limit global warming to a 2°C 
average.  Even if the target is reached, a 
warmer world is not particularly com-
fortable.  A 2°C average is just that – an 
average across all oceans and land masses.  
In the Arctic, that it likely to mean some-
where between 2-6°C.  There are funda-
mentally different models with different 
initial conditions and different assump-
tions – so there is an underlying level of 
uncertainty with these predictions.  

There are other concerns about the 
means we use.  Professor Bob Watson 
taught me that I should not ignore the 
albedo effect – if we clean up coal pro-
duction so that sulphur dioxide emissions 
are substantially reduced we will reduce 
the albedo, with a potential for a further 
increase in temperature.  

But 2°C warmer is profoundly bet-
ter than 4°C.  In such a situation the 
Arctic would warm by between 8-16°C.  
I would remind you again of the uncer-
tainties involved.  

Post-Copenhagen
What is going to happen post-Copen-
hagen?  In the UK, the Committee on 
Climate Change recommended that we 
reduce greenhouse emissions by at least 
80 per cent by 2050 and that we should 
reduce emissions by 34 per cent by 2020.  
This is a formidable task and we need to 
ponder both their feasibility and cost: 
irrespective of either, though, the scale of 
the challenge is daunting.

Figure 1 indicates our emissions in 
2006.  I have deliberately left the 2050 
objectives completely blank, not indicat-

ing how sectors will be affected, because 
I do not think we know.   There are for-
mally an infinite number of solutions that 
would satisfy this reduction.  I know David 
MacKay, the Chief Scientific Adviser at the 
Department of Energy and Climate Change 
(DECC) and his colleagues are examining 
how we actually achieve these cuts in the 
different sectors.  The preliminary analysis 
announced by the previous government 
spoke of fundamental shifts in the way 
energy is produced and consumed.

First, there needs to be a dramatic 
reduction in energy demand.  Then, a 
substantial level of electrification for heat-
ing and surface transport must be accom-
plished.  Any analysis of the situation leads 
to the conclusion that electricity supply 
needs to be largely decarbonised by 2030.  

Sustainable bio-energy is important 
but is actually quite limited in its impact.  
As we move towards 2050, emissions 
from agricultural waste, industrial proc-
esses and international transport will 
need to be tackled.

The engineering community will play 
a considerable part in achieving these 
goals.  If we look at the low carbon inno-
vation process as currently set up in the 
UK, the basic research is carried out by 
the Research Councils.  On the applica-
tion side, we have the Energy Technology 
Institute – bringing together BP, Shell, 
E.ON, EDF, Rolls-Royce and Caterpillar.  

This is funded equally by Government 
and industry.  The Technology Strategy 
Board is also involved at this stage and is 
working closely with a number of organi-
sations and bringing in funding.  Finally, 
there is the Carbon Trust, involved in 
demonstration and deployment.  

We know we need to achieve a signifi-
cant degree of decarbonisation in electric-
ity generation by 2030.  This includes 
increased energy efficiency – and we can 
start doing that already.  We currently 
have third generation nuclear power being 
commercially deployed, and development 
work is taking place on the fourth genera-
tion – but it is likely to be the 2020s before 
we move to demonstration schemes.  These 
are only very early days for demonstra-
tions of carbon capture and storage (CCS).  
We are beginning to see demonstration 
projects for deep offshore wind which may 
see some commercial deployment from 
the middle of this decade.  We do not yet 
have the capability for tidal power: deploy-
ing this will probably take us into the 
middle of the next decade.  We have the 
technical knowhow to build barrages, but 
whether we want to build a Severn Barrage 
given the enormous investment and the 
relatively low return is debatable.

While the speed at which we can 
develop each technology cannot be pre-
dicted with certainty, we can look at the 
sensitivities facing the different sectors 
and the cost of actually producing each 
type of energy.  What combination and 
trajectories are needed to deliver an 80 
per cent reduction in emissions?  This is 
the question that Government is posing 
to the engineering community.

Offshore wind and marine power 
(wave and tidal) will be key technolo-
gies for our future energy supplies.  The 
next generation of biofuels (which will 
be based on plant residues) has been the 
subject of much discussion as has the 
use of algae to produce energy.  While 
these have potential, we need to consider 
whether, as a small country, we would 
use home-grown biofuels or should we 
import them from countries like Brazil 
which can produce first- and second-
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Achieving an international consensus on 
climate change

Michael Jay

Iwas involved in climate change for 
the first time in 2005, when I was 
working for Tony Blair as his ‘sherpa’ 
or personal representative for the G8 

summit at Gleneagles.  When I told my 
G8 colleagues that he wanted to focus on 
climate change, there was silence around 
the table.  Then somebody plucked up 
the courage to say: “Why does the Prime 
Minister want to focus on a third-order 
issue like that?”  It took a great deal of 
persuasion over the next few months to 
convince them that this was an important 
issue for the future.  I do not think anyone 
today would ask that same question.  

Despite the recent controversies, I am 
struck by the consensus (although not a 
complete consensus) about climate change 

and its implications.  Across the political 
spectrum, through much of industry and 
civil society, climate change is recognised 
as a real challenge and indeed, for many, 
an opportunity.

As well as being a member of the 
House of Lords, I am also on the boards of 
three French and two British companies.  
For business, it is inconceivable not to 
conclude that the chances of man-made 
climate change are real, that people will be 
worried about it and will want to respond 
to it.  That is almost irrespective of the 
details of the scientific debate – it is a 
judgement that you make as business men 
around a table about likely demand and 
about where the world is going to go.  

Business wants and needs a clear inter-

national framework, accepted by all, in 
which to operate.  NGOs want it, the 
Government wants it: the question is 
whether the British Government can exert 
real influence to bring it about?  Now it 
seems to me they should be able to.  At 
a recent breakfast meeting for new MPs 
organised by GLOBE, the international 
group of parliamentarians, I was struck by 
the fact that politicians with very different 
backgrounds were all trying to solve the 
same issue: ‘how to react to a world which 
is going to get warmer, with the very diffi-
cult consequences that entails?’  Britain has 
a chance, with a coalition government and 
with the Labour Party’s position on green 
issues, to make a real impact on the climate 
change debate over the next few years.  

generation fuels more quickly?  
We have well-tried technologies for 

third generation nuclear and then there 
is fusion.  The Culham Laboratory has 
achieved great results on fusion already. 

Mitigation and adaptation
So far, I have focussed on mitigation, 
but one of the lessons of Copenhagen 
is that we cannot forget adaptation.  In 
one sense, in the community of Chief 
Scientific Advisors, David MacKay and 
DECC are concerned with mitigation 
while Bob Watson and Defra are focussed 
on adaptation.  The Climate Change Act 
requires that a national climate change 
risk assessment be produced every five 
years, the first due by January 2012.  
There are obligations on a number of 
organisations, including local authori-
ties, to consider carefully what actions 
they can take to adapt to climate change 
and all Government departments have 
already lodged their own plans (in March 
2010).  The adaptation sub-committee 
of the Committee on Climate Change, 
chaired by Lord Krebs, is providing gen-
eral oversight on this matter.  

So much for work in progress, how is it 
going to be carried out in practice?  Now 
we do not have an extensive evidence-
base, but recent work by the Met Office 
for Defra looked at what we might expect 
in the future.  Among the conclusions 
was a high probability of much more rain 
in the winter and hotter, dry periods in 

the summer, particularly in the south of 
England.   We need to decide how we 
adapt to that.

Let me sum up with three key 
messages:

All the countries committed to reduc-
ing climate change must fulfil their 
2020 pledges – and then go much 
further.  That way we might be able 
to hit the 2°C target, although there 
remain large uncertainties about this, 
both in terms of the practicalities and 
the underlying science.
The UK faces huge challenges, both fi-

nancially and in engineering terms, in 
meeting our commitments to reduce 
greenhouse gas emissions by 34 per 
cent by 2020 and 80 per cent by 2050. 
Finally, we must plan carefully to 
adapt to climate change.  

Even if we can achieve our targets and 
even if we can bring the international 
community with us, the greenhouse 
gases already in the atmosphere will 
determine our weather to 2030 – and 
some of that weather could be quite 
extreme. ☐

Figure 1. The challenge for the UK to reduce emissions by 80%
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A doubt
Yet there is a nagging doubt in my mind.  
The final meetings at Copenhagen – 
between the Americans, and the new 
group of BASIC countries (Brazil, South 
Africa, India, China) did not include the 
UK or the EU.  Will we in future find 
that the USA and China work together 
while the rest of us – the EU as well as the 
poorest countries – find ourselves being 
brought into an agreement reached else-
where without playing a full role?  That 
would be a big mistake because I do not 
believe the USA and China will develop 
the kind of international framework we 
would want to be a part of – nor one that 
would be good for our business or wel-
comed by our NGOs.  

Can we remain in the centre of the 
debate over the next few years?  I think 
there is an opportunity for Britain to do 
that and I hope we will seize it.  This 
Government has started well; it is com-
mitted to generating 15 per cent of our 
energy from renewables by 2020, there 
is an energy security and green economy 
bill on the horizon, and there is an open-
ness to nuclear energy for the future.

On the international stage, too, this 
Government has started well.  Pushing 
for EU leadership, including an increase 
in the EU emissions reduction target 
to 30 per cent, is very important.   As 
Lord Stern pointed out in his report, it is 
cumulative emissions that count, and the 
later the reductions take place the harder 
and more painful they will be.  The short-
term costs of a 30 per cent reduction now, 
given the recession, are similar to a 20 per 
cent reduction a few years ago – we ought 
to be pushing for this.

The poorest countries
We should also focus on the needs of the 
poorest countries.  If the major nego-

tiations take place between China and the 
USA, then the countries that are really 
going to suffer from climate change (coun-
tries in Africa, as well as low-lying coun-
tries such as Bangladesh and the Maldives) 
will not be given a full and proper say in 
the negotiations.  The UK is in a position 
to argue for their full participation.

I hope that real progress on the less 
controversial issues is made in Mexico in 
December, even if this is a staging post 
towards a comprehensive agreement in 
South Africa a year later.  Mexico holds a 
hugely important position, being outside 
the main groupings.  It is a member of 
the OECD yet still considered a ‘develop-
ing country’.  It has also played a very 
positive role on climate change over the 
last few years as one of the so-called 
‘+5’ major emerging economies, develop-
ing progressive ideas such as the ‘Green 
Fund’ proposal to help break the dead-
lock on climate finance, as well as hosting 
a ministerial meeting of the Gleneagles 
Dialogue, one of the outcomes of the 
UK’s 2005 G8 Presidency.  As such it has 
credibility as an honest broker in some 

very difficult negotiations – something 
sorely needed after the breakdown in 
trust between developed and develop-
ing countries at Copenhagen.  Yet, with 
much work still to do, it does seem to me 
a comprehensive international agreement 
is more likely in South Africa in 2011 
than in Mexico in 2010.

Even that will not be easy to achieve 
and the new Executive Secretary of the 
United Nations Framework Convention 
on Climate Change (UNFCCC) will need 
to show real leadership as well as flex-
ibility.  There is a risk that if UNFCCC 
approach does not deliver, then the USA 
and China will take over to develop a ‘G2’ 
type approach – something that would not 
necessarily be in the interests of Europe or 
the poorest developing countries. 

Parliaments and parliamentarians
There is also a role for parliamentarians 
over the next few years: any agreement 
reached among governments will have 
to be ratified by parliaments.  And it will 
be legislators who develop and pass the 
domestic legislation that will be needed 
to underpin any international agree-
ment.  The more that parliaments can 
be involved at an early stage, the greater 
the chance of a positive response to 
governments.  I note that governments 
are using international parliamentary 
groups like Globe to explore the sorts 
of ideas that are too difficult or too 
sensitive to test in the formal negotia-
tions – this is another important role for 
parliamentarians.  I also believe there 
could be an important role for Globe 
and parliamentarians in monitoring and 
evaluating performance after an agree-
ment has been reached.  After all, it 
is legislators who oversee governments’ 
performance against domestic and inter-
national commitments.  ☐

The continuing debate on climate change
Ron Oxburgh

Although a majority of scien-
tific opinion supports the view 
that human activity is having a 
damaging effect on the Earth’s 

climate, there has been much recent dis-
cussion of a different view.  I want to 
begin by examining the contrarian view 
on climate change.  

There are some legitimate questions 
such as: “We have just had the coldest 
winter for years, how can there be global 
warming?”  “Hasn’t the Earth had warm 

periods before?  What is different now?”  
There have also been a number of 

efforts to popularise the science of cli-
mate change and make it more accessible 
to those without technical backgrounds 
and to politicians.  The argument has 
been made that it has been over-simpli-
fied and uncertainties glossed over.  This 
is a matter of judgement.  

Then there are a number of more 
specific criticisms.  A few, and only a 
few, among many hundreds of studies 

presented by the International Panel on 
Climate Change, have been shown to be 
spurious.  Yet the argument is: if there 
was some spurious evidence, how much 
more is there?

Probably the most serious criticism, 
however, concerns feedbacks in the natu-
ral system that are not adequately cap-
tured by computer models.  A feedback 
occurs where a relatively small change 
in temperature produces a much larger 
consequence (because it acts within a 
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broader system).  This consequence can 
be negative (in the sense that it cools 
the system) or positive in the sense that 
it enhances heating.  One of the best 
examples of a positive feedback is the 
melting of glaciers.  As temperature rises 
the glaciers melt.  A smaller fraction of 
the Earth’s surface is then covered with 
ice and so less radiation is reflected back 
into space, with greater residual heating.  
In terms of negative feedback, clouds 
are potentially important; I think most 
modellers agree that they cannot handle 
clouds adequately

Then finally, there are arguments 
about the manipulation of data.  It was 
alleged that the University of East Anglia 
Climatic Research Unit had manip-
ulated data to achieve a certain out-
come.  However, an investigation at the 
University that I chaired found no evi-
dence of this.  This conclusion did not 
mean that we endorsed their results, but 
we felt that they were honest.

Dealing with the data
Observations on climate change are not easy 
to interpret.  We have to distinguish short 
term trends from long term ones – we are 
looking at a very, very noisy climate signal 
and looking out of the window at what the 
weather has been doing for the last 10 years 
is not very informative.  A set of observa-
tions made by the British Antarctic Survey 
on the Antarctic Peninsula between 1948 
and 2005 shows around 30 glaciers that are 
advancing: on the basis of these alone, one 
might say: “Global warming?  Nonsense.”  
Yet these are interspersed with nearly 300 
that are retreating.  The noisiness occurs 
both in space and time.  

Consider the measurements made 
from instruments over the last 150 years.  
We expect instruments to give us fewer 
problems, but instruments and the way 
that people have used them to measure 
average temperatures have changed over 
time.  It makes a great difference whether 
you take four measurements a day at 
six-hour intervals and average those, or 
whether you take a maximum and a 
minimum temperature, take the differ-
ence between them and call that ‘average 
temperature’.  Older records are often 
incomplete and imperfect.  Observatories 
change over time as do their surround-
ings – an observatory which began in the 
open country may, over time, find a town 
built around it and of course the town 
will raise the ambient temperature.  So if 
longer term trends are to be recognised, 
corrections need to be applied and some 
would criticise those corrections.

Interpreting these observations calls 
for experience and judgement and it is 
probably fair to say that while they are 
consistent with anthropogenic climate 
change they do not prove it.

The greenhouse effect
Geology shows that in the past we have 
had extreme climates and these changes 
have taken place without human influ-
ence – there is a whole range of causes, 
including solar variability and orbital 
changes.  So what is different today?  

It was John Tyndall, a nineteenth cen-
tury Director of the Royal Institution, 
who established experimentally that 
water, with the atmospheric trace ele-
ments carbon dioxide, and methane, have 
a large effect on terrestrial temperature 
– they create the greenhouse effect.  His 
work led to a coherent theory of the tem-
peratures of the four terrestrial planets.  

To a first approximation, planetary 
temperatures are expected to be deter-
mined by their distance from the Sun 
– the nearer the warmer.  This holds 
true for both Mercury and Mars, but 
not for Venus or Earth: both of these are 
warmer than expected.  They are also the 
only two with significant atmospheres.  
Venus is several hundred degrees warmer 
than expected and has a thick CO2-rich 
atmosphere, while Earth with its rela-
tively low concentration of greenhouse 
gases is only around 30 degrees warmer 
than expected.

About 150 years ago, at the start of 
the Industrial Revolution, we began to 
see the onset of what is now a 30 per cent 
increase in atmospheric carbon dioxide; 
its chemical fingerprint shows that it is 
carbon dioxide from fossil fuels.  It would 
be significantly larger were it not for the 
action of oceans and vegetation.  There 
is no known geological parallel – 50 or 
60 million years levels may have been 

as high, but there was not such a steep 
increase.  

Now, as Tyndall showed, carbon diox-
ide and temperature are linked by obser-
vation and simple physics.  The question 
therefore is whether it is sensible, in the 
light of what we know about the factors 
that determine the temperature on ter-
restrial planets, to increase the concentra-
tion of CO2 in our atmosphere.  All the 
computational models suggest a conse-
quent rise in global average temperatures, 
which will also warm the oceans.  This is 
like ‘turning up the gas’ under the atmos-
phere and we see shifts in weather pat-
terns, more intense storms and rainfall, 
more extreme weather events, a rise in sea 
level and ocean acidification.  

No one has come up with a credible 
alternative interpretation of planetary 
temperatures and that is what they would 
have to do if they are to deny the exist-
ence of the greenhouse effect on Earth.  
Alternatively, they have to postulate very 
special conditions under which increas-
ing the concentration of greenhouse gases 
in the atmosphere does not translate into 
an increase in terrestrial temperature.

The sceptics
So who are the self-styled ‘sceptics’?  A 
minority are experienced engineers and 
scientists, mostly from other disciplines.  
The perceptive ones base their concerns 
on the still incomplete nature of the 
modelling.  There are some diligent and 
well-informed amateurs – the people who 
pick over the IPCC data and find things 
that are wrong or inconsistent (which 
is actually useful, as well as embarrass-
ing!).  There are also some rather poorly-
informed amateurs who make wild state-
ments which do not make much sense.  

The scientific community has not fully 
recognised that taking climate change 
seriously threatens very influential com-
mercial interests worldwide, particularly 
in the coal industry.  Looking back at 
the experience of the USA with tobacco, 
I think we are seeing a similar situation 
with climate change – professional lob-
byists trying, by fair means or foul, to 
discredit the underlying science.

There will never be complete certainty 
about a malign human influence on cli-
mate but I do not think the risk of being 
wrong is worth taking.  

International political action remains 
urgent.  The real worry is that elected 
governments will not be able to take 
appropriate measures if the electorate 
does not believe those measures to be 
necessary. ☐
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While clean water is a renewable resource, the world is approaching a situation where demand 
exceeds supply.  A meeting of the Foundation on 14 July 2010 examined what can be done to 
ensure sustainable supplies in developing countries. 

The task of restoring ecosystem function
John Liu

In 1995, I was assigned by the World 
Bank to film the initial stages of the 
Loess Plateau Watershed Rehabilitation 
Project in Northwest China.  This first 

trip piqued my curiosity and has led to a 
long-term continuing inquiry.  I have led 
10 filming trips to the region with support 
from various development agencies.  To 
date, we have collected more than 100 hours 
of broadcast videotape of the region, its peo-
ple and the rehabilitation efforts.  The dra-
matic changes on the plateau show that it is 
possible to rehabilitate large-scale damaged 
ecosystems.   These findings have extremely 
positive and profound implications for the 
future of humanity and the Earth.

This is a complex story.  The Loess 
Plateau is approximately the size of France, 
encompassing 640,000km2 in the upper 
and middle reaches of the Yellow River.  
The Plateau gets its name from the pow-
dery soil that is its primary feature.  The 
mineral-rich windborne sedimentary loess 
deposits are hundreds of metres thick in 
places and have accumulated over geologi-
cal time.  The Loess Plateau stretches over 
parts of seven Chinese provinces: Qinghai, 
Gansu, Ningxia, Inner Mongolia, Shaanxi, 
Shanxi and Henan.  Fossil remains prove 
that humans and their ancestors have lived 
here for more than 1.5 million years. This 
is generally accepted to be the second place 
on Earth where settled agriculture began 
and is recognised as the cradle of Chinese 
civilisation where the Han, Qin, Tang and 
other dynasties flourished.  

When I first visited the Loess Plateau 
I found a landscape almost completely 
denuded of vegetation.  Yet this land must 
have once been especially fertile as it gave 
rise to the most populous ethnic group 
on the planet.  I learned that a nurturing 
ecosystem was over time fundamentally 
altered by human impact, leading to almost 
total ecological collapse over a vast area.  
Cutting the forests and preparing the earth 
to plant crops did several things.  First, it 
exposed the fragile loess soil to the wind 
and rain, causing erosion which led to the 
many gullies that are now so evident in the 
plateau.  This exacerbated the tendency 
of flooding during the rainy season, with 
drought and famine the rest of the year.

Removing the vegetation cover also dev-
astated the microbiology in the decaying 
plant litter on the surface.  This destroyed 
the cycle of natural fertility by breaking the 
cycle of regeneration –  in which plants and 
animals gives their bodies to fertilise the 
next generation.  This also reduced the abil-
ity of the soil to absorb the rainfall, disrupt-
ing the hydrological cycle.  Gradually wild 
plants and animals disappeared.  People 
planted crops on steeper and steeper sides 
of the gullies and took their sheep and 
goats further to eat grasses and bushes 
hoping to eke out a living.  With their own 
activities further degrading the natural sys-
tems, the people became mired in poverty.  
This was the condition of life on the plateau 
for millennia.

It takes extremely ambitious vision to 
believe that what has been destroyed over 
10,000 years can be restored; yet a little 
over a decade ago the Chinese government 
decided to do just that.  Chinese plan-
ners from the Ministry of Water Resources 
and international planners from the World 
Bank worked together to design a workable 
project plan.  Experts in hydrology, soil 
dynamics, forestry, agriculture and eco-
nomics, as well as local officials and farm-
ers, were consulted to determine what was 
possible.  This research and planning phase 
took over three years.  

The Chinese authorities then banned 
tree cutting, slope farming and free ranging 
of goats and sheep.  They used participa-
tory methods to engage the local people 
in more sustainable behaviour.  They dif-
ferentiated and designated ecological and 
economic land, ensuring that there would 

be a large amount of land set aside for eco-
logical functions.  

The Chinese and foreign advisors 
began physical steps to restore ecosys-
tem function over an active project area 
of 35,000km2.  Geographic Information 
Systems (GIS) analysis was introduced, 
giving every watershed a specific address.  
Small dams were built to retain rainfall, 
terraces were built on the agricultural land 
and trees planted on the ecologically- des-
ignated land.   Enterprise software was used 
to track all investments and interventions.  
The entire community was engaged in 
vocational training and benefited in sev-
eral ways: they were paid for their labour, 
learned sustainable agricultural methods 
and owned the output of the newly-created 
fields.

Over the past decade, an astounding 
transformation has taken place.  While we 
have been filming, once denuded hillsides 
have come alive with grasses, bushes and 
trees.  Birds and insects are returning to 
the area.  The humidity has changed as 
the soil absorbed moisture and the plants 
exchanged gases in respiration.  The entire 
dynamic of the plateau has been reversed.  

The success of the Loess Plateau 
Rehabilitation Project has resulted in pro-
found changes for the local people; their 
economy, incomes and quality of life have 
improved tremendously.  The seemingly 
hopeless cycle of poverty and ecological 
destruction has been broken. Millions of 
people have been lifted out of poverty.  This 
has profound implications for the local 
people, the Yellow River basin, China and 
global ecology.

The Chinese have recognised that eco-
system function is more valuable than pro-
ductivity and have allowed this to deter-
mine their actions.  The ‘Economics of 
Ecosystems and Biodiversity’ in practice 
began 15 years before the efforts now being 
spearheaded by the United Nations.  The 
results show that instead of consistent eco-
logical and economic decline, it is possible 
to achieve positive social, economic and 
ecological trends in areas that have been 
historically degraded. 

If this understanding were applied on a 
global scale it would lead to sustainability. ☐
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The quest for water security
Michael Norton 

In over 30 years as a water engineer, 
I have never seen so much interest 
in this subject as is evident today.  
Water is not the only urgent problem 

facing humanity; there is a dramatic rise 
in concern over the loss of ecosystems 
and biodiversity, for example, but some 
of these losses are linked to water scarcity.  
The fundamental problem that we face is 
a scramble for natural resources – two bil-
lion people in developing nations want a 
similar lifestyle to that enjoyed by those in 
the developed nations.  This is exacerbated 
by the growth in the global population, 
set to increase by 2 billion in the next 20 
years.

Consider some recent studies in this 
field.  The United Nations World Water 
Development report is published every 
two years and the third edition Water in a 
Changing World was published in March 
2009.  This is a significant work, a status 
report on water on the planet and for water 
professionals it is essential reading.  One of 
its recommendations is that water profes-
sionals should ‘get out of their box’ and 
engage with politicians and influencers.  I 
believe we have a duty to do just that.

A second report comes from the World 
Economic Forum’s Water Initiative, which 
began in 2007.  Phase I sought, among 
other things, to catalyse a number of inno-
vative partnerships, bringing industry, 
governments and communities together 
to look for ways in which they could 
solve local water scarcity or water security 
issues.  This work concentrated on South 
Africa and India.  The challenge for the 
second phase is to scale these initiatives up.  
Having already achieved some successes 
it might seem that to scale up is easy, but 
there are many financial, institutional and 
cultural barriers still to overcome.

A third study developed from the WEF 
Water Initiative.  A group of companies 
within the organisation formed the 2030 
Water Resources Group.  The group was led 
by the IFC, the private lending arm of the 
World Bank, and by McKinsey & Company, 
the management consultants.  It looked 
at the global picture of water scarcity and, 
looking forward to 2030, it concluded that 
current measures to increase supply and 
decrease demand will not close the very 
substantial gap between the two (Figure 1).  
The study then looked in more detail at five 
countries (including India and China) and 
proposed a series of prioritised actions that 
could be taken to close the gap.

The proportion of accessible fresh water 
within the 14 trillion cubic kilometres of 
total water on this planet is tiny.  Humanity 
is already withdrawing and consuming a 
large part of this amount, to the extent that 
in many places there is no longer sufficient 
remaining water to sustain the wider envi-
ronment.  Of the fresh water abstracted, 70 
per cent is taken for agricultural use (only 
8 per cent of withdrawals are for drinking 
water) and the challenge is to keep 6.5 bil-
lion people from hunger.

The water cycle
Out of every 100 drops of water that fall 
as rain, 36 (on average) reach the ocean.  
Most of the remaining 64 sustain the 
planet’s flora, ecosystems and rain-fed 
agriculture.  This is called ‘green water’ – 
it falls on the soil and, with nutrients, it is 
converted by sunlight into biomass.    

‘Blue water’, on the other hand, 
remains in free water bodies, in rivers, 
lakes and underground aquifers.  This 
may be withdrawn for irrigation, for 
industrial production and, of course, for 
human consumption.  Some of that water 

is contaminated during processing and is 
returned to the blue water as ‘grey water’.  

This leads us to another interesting 
concept – that of ‘virtual water’.  Virtual 
water is that which has been used in the 
growing or manufacturing of food and 
goods, and can be considered as being 
‘embedded’ in those goods.  It is a con-
troversial idea but nevertheless a useful 
one.  The way virtual water flows around 
the major regions of the Earth has been 
mapped, with some countries being net 
importers of virtual water and others net 
exporters.  The results are sometimes 
surprising: Oceania, for example, is a net 
exporter.  This happens because countries 
such as Australia have a huge export mar-
ket for goods which use a great deal of 
water in their production, even though it 
is itself a water-scarce country.  

Related to virtual water is the ‘water 
footprint’.  Figure 2 shows the water foot-
print per head of population of six coun-
tries – Australia, China, Israel, Ethiopia, 
UK and the USA.  The amounts are given 
in cubic metres per year, per person.  One 
surprising finding is that the water foot-
print for a person in the UK equates to 
4.5m3 per day.  Typically, though, an indi-
vidual will only buy about 150 litres per day 
from their water company; one thirtieth of 
the total water footprint. Some two-thirds 
of the total water footprint in the UK is 
virtual water associated with imported 
goods.  China and Ethiopia have much 
lower water footprints per head and very 
little of it comes from other countries.  The 
USA has a huge water footprint but again 
with very little from other countries.  

Water cannot be considered in isolation 
because it is linked to energy and food in 
many different ways.  Any proposed solu-
tion in one area is almost certain to impact 
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on another.  These in turn are all overlaid 
by much bigger global issues, such as 
finance, trade and climate change.  

Water security
By 2030 (just two decades away) there may 
be 8.5 billion people on this planet.  Most 
will live in developing countries and will 
seek the same standard of living as their 
fellow human beings in developed nations.  
In such circumstances, the demand for 
food, water and energy consumption could 
each increase by around 50 per cent.

What would a water-secure world look 
like in 2030?  These are five goals which 
are generally agreed:  

Affordable drinking water supplies for 
everybody.  Though this area receives 
much attention the financial barriers 
to achieving this are not great;

Sustainable sources of water for indus-
try.  This is a crucial issue because un-
less industry has sustainable sources 
of water, economic growth cannot be 
maintained;
Integrated water resources manage-
ment.  Managing water in all its forms 
in a holistic and integrated manner 
from ‘cloud to coast’;
Policy reforms which would lead to 
sustainable water development.  Raising 
water management up governmental 
policy agendas to reflect its importance 
to physical and economic health;
The mobilisation of substantial vol-
umes of public and private funding to 
deal with the water gap.  This will re-
quire the development of transparent 
and fair regulatory regimes to value 
and manage all kinds of water use, 

in order to give investors sufficient 
confidence to commit funds.

What needs to be done to make these 
things happen – and specifically, what can 
water professionals contribute?  There are 
four areas where actions are needed:

The debate about the inter-relationships 
between water, energy and food need 
to be intensified.  There needs to be a 
much better understanding of the way 
these inter-connected systems work at 
local, national and global levels;  
The UK should pay more attention 
to initiatives around the world where 
water scarcity is being tackled rather 
sooner than here – Australia and 
Chile are two examples; 
Harmonising the aspirations of govern-
ment, private sector and communities 
is being carried forward in the work 
of the World Economic Forum Water 
Initiative.  This is vitally important be-
cause sustained success can only come 
when all three stakeholder components 
work in a coherent programme;
Water professionals have to stand up 
and be counted.  We have the knowl-
edge and the tools.  When govern-
ment, private sector and the commu-
nities have their aspirations aligned, 
we can make things happen.

UN World Water Development Report: 
www.unesco.org/water/wwap/wwdr/wwdr3
World Economic Forum Water Initiative: 
www.weforum.org/en/initiatives/water/
index.htm

Royal Academy of Engineering:
www.raeng.org.uk/news/publications/list/
reports/Global_Water_Security_report.pdf
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Resilience in a changing world
Mark Fletcher and Jennifer Schooling

Let us start with a few defini-
tions:  the idea of ‘peak water’ 
was developed from the notion 
of peak oil.  There is a difference 

though – oil is a finite resource; once 
pumped out of the ground there is no 
more.  Water is a renewable resource, to 
some extent at least.  

‘Peak water’ refers to the point at which 
global demand exceeds the natural global 
supply of water.  That may currently be 
true in particular areas, but it is not true 
globally so we talk about ‘water stress’ 
and ‘water scarcity’ instead.  ‘Water stress’ 
occurs where demand exceeds available 
supply, while ‘water scarcity’ happens in 

locations where natural climatic factors 
restrict the available amount of water.  
Both of these can be induced by human 
activity – economic or political.  

By 2015, just five years from now, 
almost two billion people will be living in 
countries or regions with absolute scar-
city and two-thirds of the world’s popula-
tion could face conditions of water stress.  
Tackling this challenge will drive us much 
faster down the road of sustainable water 
management.  

Water usage varies a great deal around 
the world so solutions need to be local 
and specific.  In addition to providing 
an adequate supply of drinking water, we 

must ensure enough food for the world’s 
population, maintain industrial produc-
tion lines, and so on.  That requires a 
systems approach.

Ho Chi Minh City
Ho Chi Minh City is at the confluence 
of two major rivers – the Saigon and the 
Dong-nai rivers – so there are two basins 
draining into the city.  During the flood 
season, dealing with excess surface water 
becomes an issue.  However, during the 
dry season there is insufficient water to 
meet demand.  

A workshop was held in the city, look-
ing at the resilience of its water supplies.  
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This was part of Arup’s work with the C40 
Climate Initiative (a group of large cities 
committed to tackling climate change) 
and the Clinton Climate Initiative.  It 
looked at the existing water resources, as 
well as the impact of demographic and 
climate change.  The workshop exam-
ined the provision of greater resilience 
through water management so that the 
local population had access to the water 
they needed.  

Supplies in the dry season can be 
maintained by managing the water flow 
with reservoirs.  Interestingly, the prob-
lem of excess surface water in the wet sea-
son can also be substantially reduced in 
the same way – only in October are there 
any remaining concerns with flooding.  

The projections for climate change 
now suggest that the dry season will 
extend through to June.  In fact, the pro-
jections for water storage are that the city 
would still meet, in the short to medium 
term, its supply requirements.  Over the 
longer term, there may come a time to 
embark upon sustainable management of 
consumption as well as supply.

In the Ho Chi Minh catchment area 
and the wider Dong-nai basin, a propor-
tion of the water supply is used for irriga-
tion, essentially for foods.  Water is also 
used for salinity control:  important for 
managing overall quality.  Then there is 
domestic use as well as water for industry, 
hydropower and so forth.  

With better demand and consumption 
management, however, local people can 
start to look at better methods of irriga-
tion and industry can examine ways of 
conserving brown water.  High quality 
water will be needed for a large popula-
tion.  More effective salinity control will 

become necessary to free more water for 
key uses.

Expected climate change impacts 
include sea level rise, longer dry sea-
sons and more extreme summer rainfall 
(which is the city’s wet season).  With sea 
level rising and more frequent extreme 
rainfall, more attention will have to be 
paid to the threat of urban flooding.  
Sea level rise also threatens to make 
water sources saline, which is of critical 
concern.  With the longer dry seasons 
brown water, too, may become depleted.  
However, there are a number of things 
that can be foreseen and addressed.  

With increased reservoir capacity, the 
city can tackle the threat of urban flood-
ing and the availability of water.  Demand 
management and improved basin 

management can address the threat of 
increased salinity.  Such initiatives make 
sound sense, not just in terms of expected 
climate change: they secure more supplies 
for an expanding population and sustain 
increasing industrialisation.  

The wider perspective
Water management, to be truly effec-
tive, has to take the whole system into 
account, the whole catchment area and 
all the different uses of water.  Crucially, 
although the focus will inevitably be upon 
human needs, any sustainable strategy 
must ensure sufficient water is available 
for the ecological services that provide us 
with the basic resources for everything 
that we do.

Then there is the issue of water qual-
ity: matching the quality of the water to 
the application.  Is drinking water really 
necessary for flushing toilets, for exam-
ple?  Can we supply lower grade water for 
different activities?  

Infrastructure must be correct-
ly scaled to ensure sufficient capacity 
(and to account for expected changes in 
water resources due to climate change) 
but without damaging the local ecol-
ogy.  Sustainable water management can 
go a long way to tackling water stress 
and water scarcity.  Water scarcity is not 
inevitable.  And let us not forget the con-
sumer: the public needs to understand 
and affirm decisions about water man-
agement if these are to stick.

Water is not oil, it is renewable: if we 
are careful with it, we can live within our 
means.  However, the water cycle is much 
affected by climate change, so this has to 
be a feature of any resilience planning for 
the future. ☐

Mark Fletcher leads 
the Water Business in 
Arup for UK, Middle 

East and Africa.  He 
has recently become 

Honorary Visiting 
Professor to Bradford University in 
Engineering Design for Sustainable 

Development.  He has responsibility 
for all water and flood risk related 

activity for Arup in his region.
Dr Jennifer Schooling 
leads Arup’s Research 

Business, shaping 
and delivering multi-
disciplinary research 
projects on behalf of 

clients.  She is an expert in guiding 
clients through decision making in 

relation to the impacts of climate 
change and sustainability.

Water, health and development
Chris Whitty

Water is the point where 
many areas of interna-
tional development come 
together.  Some of those 

intersections can lead to significant ten-
sions.  In agriculture, the largest con-
sumer, water is clearly vital but whether 
it is seen predominantly as concerning 
food security or poverty reduction may 
lead policy in different directions.  Water 
is obviously important to industrial 
development as well; after agriculture, 
industry is often the largest user, and as 
countries develop this is likely to rise.  It 

figures strongly in health matters.  Water 
is a key area of concern in climate change, 
and in the effects of urbanisation.  Those 
are just a few of the interconnecting areas 
where water is central in development.

Whatever one feels about ‘peak water’ 
as a concept, and parallels with peak oil 
can be over-extended, we are undoubt-
edly getting to a stage in many coun-
tries where consumption will exceed 
sustainable supply if the situation is not 
addressed.  

Available interventions to use water 
better can have unforeseen effects, often 

because no attempt was made to predict 
them, especially where they are distant 
in time or space from the intervention.  
Interventions now can have an impact 
later in time, for example by depleting 
aquifers.  An intervention up-river can 
have an effect down-stream; altering the 
vegetation in one place can lead to a 
changed rainfall pattern somewhere else.  
So, thinking through the possible effects 
across time and space is essential before 
embarking on grand schemes – otherwise 
they may disadvantage people who are 
not the focus of the scheme in question.
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We can illustrate the complexity of the 
issues around water by looking at disease, 
but it would be possible to do this with 
examples for many other sectors.  All 
involve trade-offs.

Communicable diseases
People in areas where water supplies are 
depleted or limited tend to suffer from 
malnutrition or are at least unable to 
obtain balanced diets.  This is because 
the local water environments do not 
allow production of a full range of foods, 
or do not allow the generation of suf-
ficient income from farming to buy them 
in.  In some locations, water quality 
may be impaired due to chemical prob-
lems – arsenic in Bangladesh is a classic 
example.  Yet the biggest water-related 
impacts on health are usually in the 
realm of communicable diseases.  The 
classical way, still broadly valid, to clas-
sify these diseases and their interaction 
with water is under four headings: water-
borne; water-washed; water-based; and 
water-associated in so far as they are not 
covered by the others.  

Water-borne diseases include cholera, 
leptospirosis, typhoid and many of the 
diarrhoeal diseases; if you drink con-
taminated water you will, sooner or later, 
get a diarrhoeal disease.  Some of these 
are debilitating and some of them kill, 
particularly the very young and the very 
old.  Water-borne problems are due to a 
lack of clean drinking water. 

The water-washed diseases overlap 
with the water-borne.  In many diar-
rhoeal diseases, people contract them 
because their hands have not been prop-
erly washed, after defecation but before 
touching food which they subsequently 
eat.  The problem is not that people have 
no drinking water – rather they do not 
have the additional water needed to wash 
their hands before cooking, eating or 
feeding children.  Water-washed diseases 
also include trachoma and scabies – the 
less water available, the more prevalent 
these diseases, all other things being 
equal.

So in the first set, the issue is a lack of 
safe, drinkable water.  The second set is 
associated with not having enough water 

of whatever quality. Sometimes there is a 
trade-off between these goals of quantity 
and quality.

In major water management projects, 
the issues that cause most problems are 
water-based diseases, like schistomosia-
sis, and again trade-offs may have to 
occur.  This can be illustrated by two 
major schemes of important develop-
mental importance.  China is trying to 
eliminate Schistosoma japonicum which 
was one of the major parasitic diseases in 
that part of the world.  Yet the construc-
tion of the Three Gorges Dam, which 
has clear development benefits, will not 
help this process.  The dam provides an 
attractive habitat for the snails which 
carry the disease. 

The two Aswan dams in Egypt did not 
lead to an increase in schistosomiasis (bil-
harzia) but instead replaced one species 
– haematobium which causes problems in 
the bladder – with another, more severe 
form that causes problems in the liver 
and the gut.  While the Aswan dams have 
helped many in Egypt in terms of control-
led irrigation and other benefits, the peo-
ple of the immediate Aswan area have paid 
a price.  So these large-scale water projects 
often lead to situations where society as a 
whole may benefit, but a proportion of the 
population may be disadvantaged.

The biggest water-related health 
impacts are often in ‘water-associated’ 
diseases and particularly the vector-borne 
diseases; most vectors can only live or 
breed in particular water environments.  
Of these, the most important in terms 
of global mortality is malaria.  Changing 
the water environment for development 
may change the pattern of disease.  Take 
one example from malaria.  Rice farm-
ing is very important for development.  
Yet introducing it in different areas can 
have quite different consequences on 
malaria incidence.  In West Africa, stud-
ies demonstrate that the introduction 
of rice farming has led to an increase in 
malaria.  The vectors definitely benefit 
from this breeding environment.  Yet 

in East Africa, it has probably led to a 
decrease because the local vectors are 
less favoured. 

In urban areas, the common diseases 
are primarily water-washed and water-
borne (particularly as sewage/faeces dis-
posal is difficult to maintain in fast-grow-
ing urban areas).  On the rural side, while 
water-borne and water-washed diseases 
have a major impact, the water-associ-
ated and water-based diseases become 
more important.  Any changes to the 
environment, particularly in agriculture, 
can lead to significant changes in these 
particular diseases.  Increasingly, though, 
as the urban population rises, issues 
of urban supply will come to outweigh 
those connected with rural supply.  

Trade-offs
Tackling water-related issues in less 
wealthy countries almost always involves 
some complex trade-offs, especially when 
supplies are limited.  Even where supplies 
of water are relatively plentiful, changes 
to consumption patterns (especially in 
agriculture and land-use) can have major 
consequences.  Sometimes these trade-
offs are geographical, occasionally they 
are inter-generational, but very frequent-
ly they occur between different sectors 
in society.  While a society as a whole 
may benefit, certain sectors may be very 
adversely affected.  

If a conflict of interest arises between 
a richer and a poorer group, it is sel-
dom the poorer who win.  Since much 
of the excess water will be used for 
industrial-scale agriculture and industry 
more widely, an improvement in the 
overall GDP of a country may lead to a 
significant reduction in access to water 
for the poorest in society.  Sometimes, in 
the broader discussions about water and 
development, the potential disadvantage 
to the poorest gets forgotten.  A classi-
cal, utilitarian approach, of the ‘greatest 
happiness for the greatest number’ is 
not always the right approach to water 
policy. ☐

Efficient use of water

Water trading can work to ameliorate shortages in limited areas, but is unlikely 
to be effective on an international scale.  It has to be managed on a catchment-
wide basis, and can have perverse effects on the economies of both parties 
to the trade: it may indeed exacerbate inequalities.  A more promising way of 
improving water usage might be through the use of tariffs, which can be struc-
tured to make consumption more costly for large users while, through subsidy, 
diminishing the costs for those in poverty.  Such schemes, though, have to run 
the gamut of political opposition from rich agriculturists, who would oppose 
them.
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In March 2010, following several controversies over the accuracy of climate science, the 
InterAcademy Council, representing the leading science academies around the world including the 
Royal Society, was requested to review the workings of the Intergovernmental Panel on Climate 
Change. It published its findings on 30 August.

IPCC needs ‘fundamental reform’

The process used by the 
Intergovernmental Panel on 
Climate Change to produce its 
periodic assessment reports has 

been successful overall, but “the IPCC 
needs to fundamentally reform its man-
agement structure and strengthen its 
procedures to handle ever larger and 
increasingly complex climate assessments 
as well as the more intense public scru-
tiny coming from a world grappling with 
how best to respond to climate change”, 
according to the InterAcademy Council 
(IAC).  The 18-member InterAcademy 
Council Board is composed of the presi-
dents of 15 academies of science and 
equivalent organisations from across the 
world, including The Royal Society.

The IAC report makes several recom-
mendations to strengthen the IPCC’s 
management structure, including the 
establishment of an executive commit-
tee to act on the Panel’s behalf and 
ensure that an ongoing decision-making 
capability is maintained.  To enhance its 
credibility and independence, the execu-
tive committee should include individu-
als from outside the IPCC or even out-
side the climate science community, says 
the IAC. 

Also, the IPCC should appoint an 
executive director — with the status of 
a senior scientist equal to that of the 
Working Group co-chairs — to lead the 
Secretariat, handle day-to-day operations, 
and speak on behalf of the organisation.  

The part-time nature and fixed term 
of the IPCC chair’s position has many 
advantages, the committee said, but the 
current limit of two six-year terms is 
too long.  The IPCC chair and the 
proposed executive director, as well as 
the Working Group co-chairs, should 
be limited to the term of one assess-
ment in order to maintain a variety of 
perspectives and fresh approach to each 
assessment.  Formal qualifications for 
the chair and all other Bureau members 
need to be developed, and a rigor-
ous conflict-of-interest policy should 
be applied to senior IPCC leadership 
and all authors, review editors, and staff 
responsible for report content. 

The review process
Given that the IAC report was prompted in 
part by the revelation of errors in the last 
assessment, the committee examined the 
IPCC’s review process as well.  It concluded 
that the process is thorough, but stronger 
enforcement of existing IPCC review proce-
dures could minimise the number of errors.  
To that end, the IPCC should encourage 
review editors to fully exercise their author-
ity to ensure that all review comments 
are adequately considered.  Review editors 
should also ensure that genuine contro-
versies are reflected in the report and be 
satisfied that due consideration was given 
to properly documented alternative views.  
Lead authors should explicitly document 
that the full range of thoughtful scientific 
views has been considered.

The use of so-called ‘grey literature’ 
from unpublished or non-peer-reviewed 
sources has been controversial, although 
often such sources of information and 
data are relevant and appropriate for inclu-
sion in the assessment reports.  Problems 
occur, says the IAC, because authors do 
not follow IPCC’s guidelines for evaluat-
ing such sources and because the guide-
lines themselves are too vague.  It recom-
mended that these guidelines be made 
more specific — including adding guide-
lines on what types of literature are unac-
ceptable — and strictly enforced to ensure 
that unpublished and non-peer-reviewed 
literature is appropriately flagged. 

Uncertainty
More consistency is needed in the way 
the Working Groups characterise uncer-
tainty.  In the last assessment, each 
Working Group used a different variation 

of IPCC’s uncertainty guidelines, and 
the committee found that the guidance 
was not always followed.  The Working 
Group II report, for example, contained 
some statements that were assigned high 
confidence but for which there is little 
evidence, said the review committee.  

In future assessments, all Working 
Groups should qualify their understand-
ing of a topic by describing the amount 
of evidence available and the degree of 
agreement among experts; this is known 
as the ‘level of understanding scale’.  And 
all Working Groups should use a prob-
ability scale to quantify the likelihood of a 
particular event occurring, but only when 
there is sufficient evidence to do so. 

IPCC’s slow and inadequate response 
to revelations of errors in the last assess-
ment, as well as complaints that its leaders 
have gone beyond IPCC’s mandate to be 
“policy relevant, not policy prescriptive” 
in their public comments, have made 
communications a critical issue.

The IAC report recommends that IPCC 
now complete and implement a commu-
nications strategy currently in develop-
ment.  The strategy should emphasise 
transparency and include a plan for rapid 
but thoughtful response to crises.  The 
relevance of the assessments to stakehold-
ers also needs to be considered, which 
may require more derivative products that 
are carefully crafted to ensure consist-
ency with the underlying assessments.  
Guidelines are also needed on who can 
speak on behalf of IPCC and how to do 
so while remaining within the bounds of 
IPCC reports and mandates. ☐

www.interacademycouncil.net

In a letter published by Nature on 4 October, IPCC Working Group II responded to the 
IAC’s report. The Group said it “welcome[s] its recommendations to improve the way 
in which the IPCC conducts its assessments”.  However, the Group disputed some of 
the IAC’s conclusions, including the suggestion that its authors had failed to respond 
openly and willingly to external enquiries.  The letter also said that “WGII does not 
ascribe higher confidence levels than appropriate, according to the definitions used 
by WGII”.  The IAC Review Committee has confirmed that it stands by its findings and 
recommendations.

http://blogs.nature.com/news/thegreatbeyond/2010/10/ipccs_second_work-
ing_group_res.html
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