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T o w a r d s a r e v o l u t i o n in c o m p u t i n g 

> 
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Researen ^"^ 
programmes: 
a matter 
of management 
At the Ministerial Colloquium in 
London on 28 April, ¡presented the 
measures proposed by the Commission 
to guarantee good management of the 
Fifth Framework Programme and to 
facilitate access to it, especially for 
small and medium-sized firms. 

I sought to remind those present that 
this need for improvement has been a 
constant concern of the Commission 
fora number of years. Yet, there is no 
perfect, definitive model for research 
management. This is especially true at 
the European level, where the unique 
features of the framework programme 
necessarily mean that its 
implementation will encounter 
constraints that are unknown at the 
national level. 

The Fifth Framework Programme must 
enable Europe to innovate more - and 
better. This must be reflected both in 
its management methods and in the 
increased involvement of scientists, 
industrialists, and users in the way the 
programmes are implemented. We are, 
in fact, all involved in a remarkable 
European experiment - one that 
teaches us lessons and produces 
results, bufone that requires constant 
development. My message to Europe's 
research ministers was that the Fifth 
Framework Programme opens up new 
and interesting ways forward for such 
development. 

Edith Cresson ^ ^ ^ ^ ^ ^ ^ ^ 
Member of the Commission for 
research, innovation, education, 
training and youth. 

Teleporting Talent 
Around Europe 

The research team which demonstrated quantum tei e porta t io n late last year was 
brought together through the Training and Mobility of Researchers (TMR) 
Programme. RTD Info met Anton Zeilinger, leader of both research group and 
TMR network, to see how this and other EC programmes are helping keep 
European talent in Europe. 

1 he Physics of Quan
tum In fo rma t i on is 
one of three TMR 

networks I'm involved in , " 
explains Zeilinger, Professor 
at the Universi ty of Inns
bruck's Department of Exper
imenta l Physics. " I t l inks 
toge the r al l o f Europe's 
expertise in the field. This is 
the only way we can keep up 
with the Americans in a sci
ence wh ich w i l l probably 
totally revolutionise comput
ing early next century." 

Nestled deep in the Aus
t r i a n Alps and be t te r 
known as an exce l len t 
place to ski, Innsbruck seems an unlikely place 
to star t le the wor ld f rom. But Zei l inger 's 
group did just last December, reporting in the 
prestigious journal Nature W how they tele-
ported a photon across their laboratory at 
in f in i te speed and unleashing a torrent of 
comment and references to Star Trek in news
papers around the world. 

"Never seen so many photos of Mr Spock in 
my life," Zeilinger remarks, surveying a stack 
of photocopied articles. "The articles focused 
on the teleportat ion aspect, of course, but 
they largely missed the actual innovation of 
our work." 

While their experiment built on purely theo
retical quantum physics by Charles H. Bennett 
and others at IBM's research lab in the early 
1990s, it would be a mistake to suppose that 
this is simply a question of practice catching 
up with theory. "In Bennet's paper there's a 
single line where they write that a 'Bell State 
Measurement' (2) has to be made," explains 

The Innsbruck team (left to right): Dik Bouwmeester, Harald Weinfurter, 
Professor Zeilinger, Jian-wei Pan, Manfred Ebl and Klaus Mottle. 

Zeilinger. "That had in fact never been done 
until we did it" (see page 5). 

Their ach ievement was more than j us t 
a scientific curiosity, however. "If you'd asked 
me whether there were any applications of 
this work ten years ago, I'd have just said 
no," Zeilinger says. "But I would have been 
wrong. We're only beginning to glimpse the 
possibilities." 

Quantum Technologies 

Their work is a crucial step towards an 
entirely new range of technologies - quantum 
technologies. Of these, the oldest is quantum 
cryptography, first suggested in 1985. 

Cryptography is the science of encoding 
messages so that they are unreadable B I X 

(1) 'Experimental quantum teleportation' (Nature, Vol 
390, 11 December 1997, pp 575). 
(2) From the name of the American physicist John Bell 
(see box p. 5). 
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T o w a r d s a r e v o l u t i o n i n c o m p u t i n g 

K ^ S by anyone w i thou t the r ight 

'key' to decode it. Wi th the advent of 

electronic commerce, this is big business. 

And only quantum cryptography can 

provide to ta l security. It exploits the 

unusual properties of quantum states to 

enable users to create oneoff (and hence 

utterly unbreakable) cryptography keys. 

As an added bonus, any eavesdropping 

can be spotted, as the act of measuring a 

quantum state changes it. 

In comparison, today's systems create 

keys using very large numbers. They are 

breakable, although a great deal of com

put ing power is required. How much 

power, however, is a matter of contro

versy  some suspect that they are not as 

secure as is currently thought. 

In any case, many expect that quantum 

computers could crack them easily any

way. This is because quantum computers 

should be able to do th ings classical 

computers cannot. While classical com

puters are binary  dealing with bits of 

information, each taking one of two val

ues (0 or 1)  quantum computers deal in 

'qubits'. The difference is revolutionary. 

"A quantum system can be in a super

position of states," explains Zeilinger. "In 

a sense, it can be in both the '0' and ' 1 ' 

states at the same time. There is an inf i 

nite number of different combinations, or 

superpositions, of the two. It's already 

clear that this wi l l allow new types of 

parallel computing which  for certain 

problems  w i l l be much faster than 

today's computers. My own sense is that 

it wil l allow a completely new form of 

computing. We haven't really seen what 

this means yet, but we will soon." 

A European Identity 

According to Zeilinger, their success 

indicates the power of European net

working. The f irst author listed on the 

Nature paper, fo r example , is Dik 

Bouwmeester, a Dutch postdoc trained at 

the Universities of Leiden and Oxford and 

brought to Innsbruck thanks to the TMR 

network. The network also linked the 

University of Innsbruck to other groups 

in France, Germany, Italy, Spain, Switzer

land and the UK. 

"There's always a certain tension in a 

The laboratory setup designed by the University of Innsbruck's Department of Experimental Physics 

to produce entangled photons and achieve the "Bell State Measurement". 

This world first led directly to another  quantum teleportation. 

ne twork l ike th is because everyone 

wants to publish f i rs t  you wouldn ' t 

have good scientists if they weren't com

petitive," Zeilinger observes. "Neverthe

less the TMR network helped transfer a 

lot of knowledge. The Oxford team, for 

example, provided a lot of experience 

with entangled states, while we've been 

fo l low ing the Paris team's work w i th 

atoms with interest. 

"But the focus is young people," he 

continues. "The main event is a yearly 

workshop for young researchers, but the 

most impor tan t ef fect is to create a 

European community in their minds. It 

has been common practice for young 

European researchers to go to America 

rather than another European country 

for postdoc work. The best often stayed 

there. This brain drain, in my opinion, has 

slowed somewhat thanks to the EC pro

grammes." 

Industrial Competition 

Grants for postdocs to travel, however, 

may not be enough to take quantum 

information out of the laboratory. "Both 

the US Nat ional Security Agency and 

Defence Research Agency are heavily 

involved in funding quantum information 

 how much, only they know," Zeilinger 

points out. "These are the agencies which 

funded computing science for the three 

decades after the Second World War, so 

American research groups don' t need 

to fight for funding. The Los Alamos labo

ratory could produce an industrial quan

tum cryptography prototype at any time." 

In Europe, no equivalent source of 

funding exists. "Europe is about the same 

size as America and we've shown that we 

have the bra inpower , so there 's 

absolutely no reason why we can't win 

this race," Zeilinger concludes. "But no 

single European country can match the 

American government's funding power 

it's got to be a European priority." ■ 

Contact Anton Zeilinger 

Fax.+43512507 2921, 

email: 

Anton.Zei l inger® uibk.ac.at, 

Internet: 

http://info.uibk.ac.at/c/c7/ 

c704/qo/photon/_teleport/ 

RTD info 19 



Touuards a r e v o l u t i o n in c o m p u t i n g 

- Detectors 

teleported 
photon 

O 

E PR source 

By entangling photon I with a photon which is itself part of 
an entangled pair (photons 2 and 3), Alice can teleport the 
quantum state of photon 1 to photon 3. 
In the Bell State Measurement (BSM, inset), photons 1 and 2 
are directed at a beamsplitter (BS), a mirror which reflects 
50% of all photons striking it. Detectors are mounted on 
either side of the beamsplitter. These can register the arrival 
of a photon, but they cannot identify whether it is photon I or 
2. The two particles thus lose their identity and exist together 
in a superposed quantum state. It turns out that if both 
detectors register a photon simultaneously, it means that the 
two photons have been entangled orthogonally. 

What is Quantum Teleportation? 
Quantum teleportation is 

the result of the many 
counter-intuitive aspects of 
quantum mechanics that gave 
Albert Einstein bad head
aches. It relies on the fact 
that very small particles - the 
photons, protons, atoms et al 
ruled by the laws of quantum 
mechanics - can exist in 
'indeterminate' quantum 
states, a mixture (or 'superpo
sition') of all the states in 
which that particle can be. 

This mysterious situation 
exists until the state of the 
particle is measured, causing 
the particle's superposed state 
to 'collapse' into one of the 
possible states. The equation 
describing the particle's 
superposed quantum state 
contains the probabilities for 
each collapsed state. 

Photons, for example, can 
be polarised at any angle. 
Until a photon's polarisation 
is actually measured it exists 
in a superposition of different 
polarisation angles. It may, for 
example, be in a quantum 
state where it is 90% proba
ble that it will collapse into a 
horizontally polarised particle. 
When it is measured the par

ticle somehow 'rolls dice' to 
decide if it is horizontally 
polarised or not. 

Another crucial fact is that 
particles can be 'entangled' 
together - their quantum 
states merge. As John Bell 
showed, measuring the state 
of one particle will cause the 
other particle's state to col
lapse instantly, even if it is on 
the other side of the universe. 

Put these two phenomena 
together, and you have the 
building blocks for teleporting 
quantum states from one par
ticle to another. 

All Tangled Up 

In the experiment (see Dia
gram), the polarisation state 
of photon 1 was transferred 
instantaneously across 
Zeilinger's laboratory to pho
ton 3 via a 'transporter pho
ton' (photon 2). 

It is done like this. Let's say 
someone - quantum physi
cists seem to always call her 
Alice - wants to teleport her 
photon (photon 1) to her col
league Bob. She first creates 
photons 2 and 3 using a so 
called 'EPR source', which cre

ates photons which are 
entangled orthogonally. This 
means that when the polari
sation of one particle is mea
sured, the other particle 
instantly assumes the oppo
site polarisation, wherever it 
may be. 

Alice holds on to photon 2 
and sends photon 3 to Bob. 
When Alice wants to teleport 
photon 1 to Bob, she performs 
a Bell State Measurement 
(BSM) on photons 1 and 2. 
This is the true achievement 
of the experiment, as it 
involves taking two com
pletely unrelated photons and 
entangling them. 

The Opposite of the 
Opposite of White is White 

There are four possible ways 
these particles can be entan
gled. If they are entangled 
orthogonally, photon 1's 
polarisation is opposite to 
that of photon 2. But photon 
2's polarisation is opposite to 
that of photon 3. So photon 3, 
which Bob could have taken 
with him to any place in the 
universe, immediately adopts 
the same quantum state as 

Alice's original particle. 
The catch is that Bob does 

not know this. Alice has to tell 
him, and that information has 
to be transmitted normally. 
Thus quantum teleportation 
does not violate the limits 
imposed by the speed of light. 
"Information seems to move 
instantaneously at the quan
tum level of the universe, but 
to extract that information 
and use it in our world, we 
are still governed by Einstein's 
speed limit," explains 
Zeilinger. "It makes you think 
twice about the nature of 
information." 

And the three other possi
ble types of entanglement? 
Each corresponds to more 
complex relationships 
between photons 1 and 3. 
One, for example, means that 
the polarisation angles differ 
by 45°. Given a phone call 
from Alice, however, Bob can 
make the necessary transfor
mations. 
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B i o t e c h n o l o g y a n d F i n a n c e F o r u m 

Translating biology into business 
Europe has a lot of expertise in life science. So why are we creating four to seven times less jobs and business 
opportunities in this field than the US? The first conference of the "Biotechnology and Finance Forum" ffl 

in May strives to redress this imbalance by mixing people from the "biotechsphere" (researchers, enterprise 
incubators and biotechnology companies) and from the "financesphere" (venture capital firms, banks, 
institutional investors and business angels). 

m hile the number of scientif ic 
publications in the areas of 
biology, c l in ical medicine 

and b iomed ica l research is 
app rox ima te l y the same in 
Europe and in the United States 
of America, REtD expenditure 
and the number of jobs in 
b io tech indust ry are more 
than four t imes higher in 
the US than in Europe -
and in 1997 total sales 
were near ly seven 
t imes higher. These 
f igures reflect Euro
pe's l imited capacity 
to t ransfer sc ient i f i c 
and techn ica l k n o w l 
edge through to industry 
and commerce, and to come up 
with marketable products and processes. 
The main problem is the obstacles that 
entrepreneurs face in setting up small 
research-based biotechnology firms. 

The success rate of biotech start-ups 
depends on three major factors: skills (the 
right balance between scientific excel
lence, business management and f inan
cial expertise), the environment (a good 
economic infrastructure, a workable legal 
framework and appropriate public aware
ness) and money (suff ic ient seed and 
venture capital in the start-up phase). 

Promoting a symbiotic 
relationship 

No shortage of money 

Venture capital is no less abundant in 
Europe than in the US. However, real risk 
investments in biotechnology account 
only for 2°/o of the total venture capital 
employed in Europe, opposed to 28% in 
the US. Most of Europe's venture capital 
goes on development and acquisitions 
rather than on seed investments. More

rne ambitious BioTuI team envisages turning 
over ECU 25 million by the year 2003, and aims 
to challenge the current market leader in 
biotechnological measuring instruments, Biacore. 

over, 90% of European venture capital is 
invested inside its country of origin. 

The recent opening of venture capital 
markets in the form of the so-cal led 
"New Markets" in Frankfurt, Paris, Ams
terdam and Brussels (EURO.NM) and of 
EASDAQ (European Association of Securi
ties Dealers Automated Quotat ion) in 
Brussels is part of the remedy. But it 
must be accompanied by a wider and 
more intensive interaction between the 
spheres of biotechnology and finance on 
a pan-European level. This is the objec
tive of the Biotechnology and Finance 
Forum (BFF) a dynamic initiative set up 
last year between the European Commis
sion and the European Association of 
Securities Dealers (EASD). 

The BFF's first conference, held 
on 12-13 May, was opened by 
Commissioner Ms Edith Cresson 
and EASD Chai rman Didier 

Duhem. The fol lowing dis
cussion issues were on the 
agenda: global per for 
mance of European bio
technology; success sto
ries of European biotech 
companies and biotech 
f i nanc ia l inves tors ; 
access to capital mar

kets for entrepreneurs; 
venture capi ta l for b io 
technology; promotion of 

managerial training; emerging 
techno log ies and f ie lds of research; 
opportunities for scientific and industrial 
col laborat ion; and promoting dialogue 
between the b io tech and f i nanc ia l 
spheres. 

The "Innovation and Technology Equity 
Project" (l-TEC), a Community pilot pro
ject currently under way to foster invest
ments in start-up capital, and the symbi
otic relationship between large compa
nies and small biotech research-based 
firms were the focus of two presenta
tions. Throughout the event, 36 European 
biotech companies, at various stages of 
maturity, made presentations of their his
tory and activities to potential investors. 

On 14 May, a Biotechnology Innovation 
Symposium was held to complement the 
conference. It compared various national 
approaches to promoting biotech entre
preneurship, and iden t i f i ed possible 
strategies to use research funds more 
efficiently and to encourage synergies. In 
the first discussion panel, national inno-
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B i o t e c h n o l o g y a n d F i n a n c e F o r u m 

European Biotech Sector 

An encouraging growth in 1997 

27 500 +45% 

+42% 

39 045 

1996 1997 

Role models and networking 

The motif of the First BFF Conference was networking. It was the 

theme of the event, and was repeatedly mentioned as barriers 

between scientists, entrepreneurs, investors and policymakers came 

down. Young entrepreneurs were able to make contacts with ven

ture capitalists in presentations and also in conversation. The impor

tance of role models was put forward as a good vector to create a 

generally enthusiastic atmosphere about biotech startups and to 

make the need for venture capital clear to venture capitalists. One 

speaker juxtaposed biotechnological and financial terms and asked 

the audience whether they understood all of them. The comparison 

made it clear that fruitful collaboration starts with understanding 

your partner's language. 

Number of companies Number of employees 

vation programmes like the German 

BioRegio initiative were presented, while 

the other two panels focused on specific 

measures such as regional biotech initia

tives and encouraging patenting among 

researchers. 

The workshops identified the factors 

that drive or impede innovation as being: 

management skills; the right mix of sci

ence and business cultures; market 

awareness; existence of a critical mass; 

the relevance of the technology; and 

public perception. The first key measure 

identified was an increase in training in 

business and management of students. A 

training scheme scalingup earlier pio

neering initiatives of the EC Biotech pro

gramme and meetings between young 

researchers and entrepreneurs were also 

proposed. 

It is crucial to remove the cultural and 

legal obstacles that prevent scientists 

from exploiting their research results. As 

an example, the research environment 

must increase the incentives to patent: 

instead of "Publish or perish!" the 

researchers' slogan should be "Patent, 

publish and flourish!". ■ 

(1) A joint initiative of the European Commission 

and the European Association of Securities Deal

ers (EASD). 

BioTuL GmbH, Munich  off to a good start 

Biophysicist Dr Gunnar Brink started his 

first biotech laboratory in 1993 as a spin

off from Munich Technical University. Dur

ing the first period of business, financing 

was achieved through fellowships of doc

torate students, funds from the European 

Recovery Programme, bank loans, and 

through a preparatory award from the EC 

Biotech Programme. Three years later he 

obtained a patent for the concept of a 

new biosensor and succeeded in getting an 

EC grant of ECU 1 million from the Biotech 

Programme which enabled Dr Brink to put 

together a research proposal. This grant 

levered ECU 3 million of venture capital 

and led to the foundation of BioTuL GmbH 

(Tools and Tunable Lasers for the Bio

sciences). 

The company has now grown to employ 15 

people. It markets a surface plasmon reso

nance biosensor and coated biochips in 

the nanometer range, and is developing a 

completely new measuring instrument 

designed to characterise the bonding 

behaviour of biomolecules. The ambitious 

BioTuL team envisages turning over 

ECU 25 million by the year 2003, and aims 

to challenge the current market leader in 

biotechnological measuring instruments, 

Biacore. 

Concerning the company itself, Dr Brink 

stresses the three pillars of success: cre

ativity, a strictly international orientation 

and a costconscious approach. As regards 

the business environment, he points out 

the good economic infrastructure and the 

excellent scientific infrastructure in the 

Munich region. This region is one of the 

three "BioRegios" in Germany, areas that 

have been selected by the Federal Govern

ment as seedbeds for biotech entreprises. 
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E u r o p e a n S c i e n c e a n d T e c h n o l o g y in t h e LU o r I d 

European S&T  the state of play 
Europe is currently a major scientific power but, to retain its world position, it must promote longterm 

economic growth by stepping up investment in research, development, education and training. The vicious 

circle of less investment  less growth could become a big problem as we move into the 21
st
 century 

Π 
he Second European 

Report on SEtT Indica

I tors (ERSTI), published 

by the Commission in April 

1998, ¡s a unique and mas

sive c o l l e c t i o n of da ta , 

analyses and op in ions on 

every imaginable aspect of 

science and technology in 

Europe compared to the rest 

of the wor ld in the m i d 

1990s. In this issue and the 

following ones, RTD Info will 

review the five parts of the 

report (see box). 

Entitled European Science 

and Technology in the World, 

Part I of the ERSTI report 

considers the economic per

formance of all 180 countries 

in the wor ld in relat ion to 

their S6tT performance. This 

approach shows that access to 

science and technology has 

emerged as a major fac to r 

which separates the 'haves' 

f r om the ' have no ts ' . It 

defines a clear "supergroup" 

of 50 countries  composed of 

nations from all the corners of 

the globe  that are leading a 

hea l thy , a lmost booming , 

world economy. 

The gap between these 

leaders and the remaining 130 

"SEtT weak" nations  where a 

quarter of the world's popula

tion lives  is wide. 

The "top 50": key figures 

In 1994, the " top 50" 

accounted for 98% of world 

REtD and education spending. 

They employed 9 5 % of the 

world's scientists and engi 

The "top 50" and the rest of the world 

Trends in economic wealth per head 
(Exchange rate basis, 1990 ECU) 

Top 50 

neers. These, in t u rn , were 

responsible fo r 9 8 % of al l 

publications in journals men

tioned in the Science Citation 

Index and 99% of all patents 

issued in the US and Europe. 

Returns on this investment 

were equally impressive: the 

" top 50" generated 9 0 % of 

world Gross Domestic Product 

(GDP), accounting for 92% of 

world industrial production. 

They attracted 99% of direct 

foreign investment and they 

were the source of more than 

96% of international trade in 

manufactured products, and 

virtually 100% of hightech

nology exports. Between 1986 

and 1994, the "top 50" con

solidated their position: their 

longterm economic growth 

was three times greater than 

that of the other 130 coun

tries in the world. The average 

The S&T "haves" and "havenots" 

Rest of World 

economic wealth per head in 

these 50 countr ies grew by 

1 . 1 % per year in cons tan t 

ECU. Their income has fallen 

over the last decade by 1.5% 

per year. Whilst the rich have 

got ever richer, the poor have 

got poorer (Figure 1). 

National variations 

Within the "top 50", most 

of the indicators show that 

ind iv idua l count r ies which 

invest more in s c i e n t i f i c 

research, and exploit technol

ogy wi th greater eff iciency, 

are the best economic per

formers. Several countries at 

the lower end of the "top 50" 

are now making substantial 

increases in the i r sc ience 

investment budgets and are 

cu r ren t l y undergo ing a 

process of catchingup. 

For example , be tween 

1990 and 1996 the devel 

oped Asian countries built on 

knowledge genera ted in 

other parts of the world and 

invested heavily in science 

and technology. Just before 

the current financial turmoil, 

they had achieved economic 

growth rates of around 10% 

per year. 

Europe's position 

Europe's economic growth 

over the last decade has been 

much lower than Asia's but in 

line with that of the US and 

Japan. Al l countr ies in the 

European Union are, of 

course, w i th in the ' top 50' 

and, co l lect ive ly , the EU is 

currently retaining its position 

as the world's second scien

tific power, behind the US but 

ahead of Japan. It has a 

strong science base, its trade 

performance has been improv

ing since 1993 and the EU still 

holds first place in the world 

as the source and destination 

of foreign investment. 

However, since the eco

nomic downturn of the early 

1990s, Europe as a whole has 

cut back on its investment in 

intangibles such as REtD in 

science and technology, edu

cation and training (Figure 2). 

This explains, at least in part, 

the lower economic growth, 

lower compet i t iveness and 

higher unemployment: all fac

tors that are likely to reduce 

investment still further in the 

immediate future.' 
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Comparing the research efforts Trends 

in R&D expenditure per head 

(in purchasing power standards  1990 ECU) 

Since the economic downturn of the early 1990s, Europe as a whole has cut 

back on its level of investment in R&D in science and technology 

]» I 
North American Free 

Trade Area (NAFTA) 

Developed Asian 

Economies (DAE) 

The European employment weakness 

Employment trends, 19801995 

(1980=100) 

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

There are significant differences between the US, Japan and Europe 

in terms of their employment performance. The impact 

of the recession was more acute in Europe than anywhere else. 

USA EU 12 Japan 

A paradox, not a fate 

The soca l led "European 

paradox" is s t i l l ev ident : 

a l though the EU has a very 

strong science base and invests 

well in education, it is gener

ally weak in some aspects of 

its technological and economic 

performance compared to 

other major industrial powers. 

The rapid investment that 

Europe made in REtD in the 

first half of the 1980s is still 

paying dividends and accounts 

for the continual improvement 

in scientific performance that 

Europe has shown throughout 

the period from 1980 to 1995. 

However, during the second 

half of the 1980s, Europe's 

techno log ica l performance 

deteriorated significantly rela

tive to the US and Japan. The 

rate of growth in exports by 

European hightech industry 

remains below that of its two 

pr inc ipal compet i to rs , and 

Europe still shows a high trade 

deficit in hightech products. 

Sectors with a high degree of 

REtD ac t i v i t y are s t i l l c o n 

tributing little to overall eco

nomic growth, and redundan

cies in industry are still getting 

worse, despite economic 

recovery in other parts of the 

world. 

The problem 

of social exclusion 

Unemployment, job insecu

rity and social exclusion have 

become more pervasive prob

lems in Europe dur ing the 

1990s (Figure 3). It seems that 

people who find science and 

technology inaccessible 

because of insufficient educa

t ion and qua l i f i ca t ions are 

profiting less and less from the 

increase in economic wealth 

that results from the accelera

t ion in growth of the world 

economy. 

To prevent the problem from 

becoming worse during the 

next few years, ERSTI con 

cludes that Europe must invest 

massively in developing its 

human capital. REtD and inno

vation capacity needs to be 

expanded and science results 

need to be commercial ised 

much more e f fec t ive ly i f 

Europe is to take the place it 

deserves among the economic, 

scient i f ic and technological 

powers of the 21
5 t
 centu ry. ■ 

Next article: 

Understanding 

the European Paradox 

ERSTIContents 

Part I  European Science and Technology in the World 

Overview of the global economy in the 1990s  Trends of REtD 

expenditure in the world  Investment in Human Capital  Educa

tion and the change in the number of R&D researchers worldwide 

 Economic performance indicators related to SEtT  Technological 

output indicators  Scientific output indicators 

Part II  From REtD to innovation and competitiveness 

Part III  European diversity, convergence and cohesion 

Part IV  REtD cooperation in Europe 

Part V  The European Union as world partner 

Second European Report on Science and Technology Indicators 

1997. Published by the European Commission, December 1997. EUR 

17639 ISBN 928280271X 

ECU 60 (2 volumes + CD ROM) 729 pp; Appendices 198 pp 

Contact I Office for Official Publications 

I of the European Communities 

I Fax:+35248.85.73. 
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Citizens, sustainabilityr 
competitiveness 

Herbert Allgeier, the JRC's new Director General, has watched the institution now under his care adapt 
progressively to a far broader role than the one it was initially given. Maybe that role is in some respects 
too broad. In this interview given to RTD Info, Mr Allgeier explains that the Centre's strategy will be to 
refocus its work to support European Union policies. Its three watchwords are serving the citizen, enhancing 
sustainability and underpinning competitiveness. 

0 TD Info: Why do you think that 
the time has come to refocus 
the JRC's strategy? 

Herbert Allgeier: I feel it is important 
to clarify the JRC's mission. Why do we 
have Commission of f ic ia ls running a 
research establishment? To answer this 
question, we have done some hard col
lective thinking and come forward with 
the statement that the JRC's mission is to 
support the conception, implementation 
and monitoring of EU policies. If that is 
not our role, then we are not needed. 

Why do EU policy-makers need their 
own research centre? 

We are living in a time when the speed 
of change is by and large dictated by sci
entific and technological development. It 
changes the way we live, the way we 
work, the way we communicate. Policy
makers have constantly to strike a balance 
for the benefit of our society as a whole 
between the interests of the individual, 
sustainable development and the competi
tiveness of our industry. They need a 
source of independent expertise to support 
them. They cannot rely exclusively on lob
bies, or consultants, or even on national 
laboratories, because different Member 
States have different interests too. And 
the Amsterdam Treaty has extended the 
EU's regulatory competence in many areas 
- in the environment, energy, consumer 
protection, international trade and tele-
corns - making this support all the more 
necessary. Our strength is that we are a 
Commission service, we have a dynamic 
relationship with those who are thinking 

Herbert Allgeier (centre) during the interview: 
"Support the conception, implementation and 

monitoring of EU policies". 

about the future of Europe. We share their 
concerns and thinking and we understand 
the political agenda. 

Could you give an example? 
In these days more than ever, we have a 

role right through the life of a policy. In its 
conception, our mission is to alert deci
sion-makers to challenges and opportuni
ties, and help them to map out policies 
ahead of time. As regards implementation, 
let us look at the directive liberalising 
trade in dangerous chemicals. This requires 
a procedure, which must be accepted by 
all Member States, for identifying these 
chemicals, verifying what industry says, 
deciding whether additional labelling is 
necessary and so on. The body that does 
this must be independent, and its work 
must be carried out confidentially because 
of the competitive environment. By under
taking this work, the JRC can help ensure 

that the internal market works for these 
products. It's not only a question of the 
JRC's competence, but also of the credibil
ity of the process. 

Serving the citizen is one of the JRC's 
priorities. Could you explain what this 
means in practice? 

A case in point: we are deeply involved 
in "mad cow" research. We are develop
ing reference methods, verifying ways of 
determining whether individual animals 
are infected, and testing ways of making 
feedstuffs safely, so tha t the internal 
market can function as it should and the 
consumer is protected. In this way the 
JRC is able to use its expertise in mea
surements and testing in the service of 
EU policy making. 

What does this policy-driven approach 
mean for the JRC's taking part in the 
Fifth Framework Programme? 

Our three objectives - service to the 
c i t izen, enhancing sustainabi l i ty, and 
u n d e r p i n n i n g the open marke t and 
European compet i t i veness - give us 
clear selection criteria for what we do 
and what we don't do. For every pack
age of work that we do, we have to be 
clear what problem i t is addressing, 
what policy it is support ing, and who 
needs the knowledge we are acquiring. 

For several years, the JRC also tried to 
open its activities towards competitive 
RTD services delivered on the market. 
Will this openness be maintained? 

Competition gives us a motivation, and 
a scale against which to measure our-
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selves. So the concept of competit ive 

ac t ions developed under the Fourth 

Framework Programme, and the require

ment for us to earn 15% of our income 

from external sources, is helpful . But 

making money cannot be the objective of 

an EUrun research establ ishment. A 

purely commercial approach would not 

be consistent with our mission, whereas 

a reasonable level of competitive activity 

enables us to check relevance and cost 

effectiveness and helps to keep us close 

to other research centres and industry. 

In fact, we have suffered some harm as 

a result of the invitation to take part in 

certain competitive activities under the 

Fourth Framework Programme, because 

research establishments tend to see us as 

competing for the same pot of money. 

We now have to convince them that our 

expertise is complementary to theirs, and 

that we can add value to jo int projects 

aimed at policy support. 

In February, the Council of Ministers 

proposed a reduction in the JRC's bud

get to ECU 700 million over five years. 

Commissioner Cresson said that the 

JRC couldn't work with that money. 

I th ink tha t the Council 's common 

position sends the wrong political signal. 

At a t ime when we in Europe want to 

secure highquality employment, when 

we are consc ious t h a t we l ive in a 

knowledge society, i t does not make 

sense to reduce research. In comparison, 

Japanese law requires a doubling of pub

lic investment in research over the next 

10 years, and similar trends are occuring 

in the US. So much for the Framework 

Programme in general. As for the JRC, 

the implications of a major budget cut, 

such as envisaged by the Council, are 

more serious and even critical. We at the 

JRC are dealing w i th costly scienti f ic 

installations and faci l i t ies: ultra clean 

laboratories, reactors, a microwave sig

nature lab, and so on. At the same time 

we are facing increased demands in new 

areas such as consumer protection. As 

we go through the process of building up 

c u s t o m e r  c o n t r a c t o r re la t ionsh ips 

requested by the Member States, I think 

that the demands made of the JRC can 

only grow, not shrink. And we must be 

more selective in the work we take on. 

One key way in which we can target 

our resources better is to transfer the cost 

of routine service activities to other Euro

pean budgets. We have for instance 

developed onsite laboratories at Cap la 

Hague and Sellafield which should be paid 

for entirely out of other budgets, not the 

research budget. And the costs of our 

work on controlling fraud over agricul

tural setaside should be borne by the 

common agricultural policy. 

Do you see any other new roles 

for the JRC? 

I see a part icular role in promoting 

technology transfer in areas where mar

ket forces do not function, for instance in 

regional development. Because the solu

tion is not always to imitate the richest 

region using the same technologies. The 

JRC should be supporting less favoured 

regions by providing regional policymak

ers with new ideas and our proven under

standing of sustainable development for 

regions. We should be looking not only at 

technology but also at issues such as 

legal and fiscal instruments and stan

dardisation. I want to mainstream this 

approach, piloted by our inst i tu te for 

prospective techno log ica l studies at 

Seville, which I call "technical economic 

intelligence", and make it the culture of 

the whole JRC. ■ 

The seven JRC Institutes are established 

at five European sites: 

1. Ispra, Italy 

(Environment: Space applications; 

Systems, informatia 

and safety; Advanced materials) 

2. Petten, The Netherlands 

(Advanced materials) 

3. Ceel, Belgium 

(Reference materials and measurements) 

4. Karlsruhe, Germany 

( Transuranium elements) 

5. Sevilla, Spain 

(Prospective technological studies) 

11 
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The need for information 

12 

The technology of urban electric vehicles has now been perfected, yet potential buyers remain reluctant to 
make the change. The absence of a common framework for comparing and disseminating information makes 
it difficult to assess products, performances, prices and the development of energy supply infrastructures. 
Two European initiatives, supported by the Joule programme, are set to correct this lack ofinformation. 

Q ars are responsible for 
more t han 5 0 % o f 
hyd roca rbon , carbon 

monoxide and d iox ide, and 
n i t rogen oxide (NOx) emis
sions in urban areas, as well as 
for the formation of ozone -
which over recent years has 
been reaching warning levels 
with increasing frequency. They 
are also the source of a second 
major nuisance cited by city 
dwellers as one of the least 
tolerable factors impairing 
the quality of life: noise. Yet 
the alternative for a new age 
of sustainable urban mobi l i ty 
already exists. 

Clean, silent and conducive to safe and 
courteous dr iv ing, several models of 
electric vehicles (EVs) are already avail
able on the European market, produced 
not only by manufacturers of specialist 
vehicles but also by the major motor 
companies such as PSA-Peugeot-Citroen, 
Volkswagen and Fiat. These electric cars 
have a perfectly acceptable autonomy of 
80 to 100 km (the average journey in an 
urban environment is always under 40 
km) and are recognised as being reliable 
and easy to drive (see box). 

Embryonic niche markets 

Nevertheless, no more than a derisory 
10,855 of Europe's 150 mil l ion regis
tered motor vehicles (1997 figures) are 
e lectr ic powered. Most are found in 
France (3,500), Switzerland (2,500) and 
Germany (2,200). A large part of these 
operate w i th in the "capt ive" f leets of 
local authorit ies or private companies. 
The electric car fleet of a company such 
as Electricité de France alone consists of 
1,000 EVs, or 30% of all electric-pow-

"Clean and safe, but the high price of the batteries 
still deters potential purchasers". 

ered vehicles in France. 
The use of EVs by private car drivers 

remains at an embryonic stage and the 
market is showing no signs of picking 
up. PSA-Peugeot-Citroen, Europe's lead
ing manufacturer of "mass produced" 
EVs, recorded sales of just 1,400 electric 
cars in 1996. A f igure wh ich it was 
unable to match in 1997. 

Igniting the market 

The question is how to ignite a mar
ket which is totally at variance with the 
regu la to ry measures being taken to 
combat urban air pollution. The EU has 
adopted directives which wil l impose a 
sharp reduc t i on in ha rm fu l veh ic le 
emissions f rom the beginning of the 
new mi l lenn ium. Many countr ies are 
preparing for this and stepping up -
but in random order - research, testing, 
demonstrations and pilot experiments 

to promote electric-powered vehicles. In 
order to obtain opt imal benefit f rom 

these measures, under the Joule II 
programme the EU has supported 

1 an initial init iat ive: Collabora
t i o n be tween CEC and 

Nat ional Programmes 
on Electric Vehicles 
in Europe (1). This 
br ings t o g e t h e r 
about 30 organ i 
sations involved in 

promoting this sec
to r as we l l as six 

teams o f exper ts 
charged w i t h look ing at al l 

aspects of the EV issue. 
The researchers f i r s t gathered the 

results obtained in a series of some 70 
European tests carried out on more than 
1,700 vehic les. On the basis of th is 
in format ion, a task force of European 
experts was able to define standardised 
test procedures. Other groups studied 
the market context in which EVs are 
being launched: the development of 
infrastructures - in particular the crucial 
question of recharging batteries; legal, 
economic and psychological obstacles to 
EVs and how to co r rec t t h e m ; and 
strategies for winning new market seg
ments, especially in the field of captive 
public or private fleets. 

The researchers working on this pro
g ramme propose t h a t " the pub l i c 
authorities should provide incentives in 
an attempt to overcome certain techno
logical and economic barriers in order to 
persuade manufacturers and consumers 
that the electric car is the vehicle of the 
future." The concrete measures pro
posed include support for battery hire 
schemes (proportionally the most expen
sive component of the vehic le) , the 
award ing of pu rchas ing p remiums, 
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A charging point  essential infrastructure 

for market growth. 

reduced VAT and o ther taxes, lower 

insurance premiums (given the lower 

speed), and the imposition of EV quotas 

in public sector fleets, etc. 

Making it easier to choose an EV 

Following this initial phase of assess

ing the situation and introducing gen

uine European coordination in favour of 

EVs, European cooperation is set to con

tinue through the new MATADOR pro

ject, supported by Joule
 |2)

. "This second 

stage is aimed at providing decis ion

makers in the public and private sector 

wi th a decisionmaking tool ," explains 

Bernardus van Spanje of the Netherlands 

Environment Agency (NOVEM), which 

runs the European coordination network. 

"While continuing to develop the data

base content, we are preparing a gen

uine expert system able to analyse tech

nical i n f o r m a t i o n and to def ine the 

technica l , energy, env i ronmenta l and 

economic performance of electric vehi

cles compared to traditional cars or cars 

using other technologies." 

Al though more advantageous in the 

long t e rm , ba t t e r y powered e lec t r ic 

vehicles are in fact just one of a number 

of alternatives for less pol lut ing vehi

cles. Light vehicles with smaller engines, 

al ternat ive fuels ( l iquef ied petroleum 

gas, natural gas, etc.), hybrid vehicles 

(electric + internal combustion) and EVs 

wi th fuel cells are all potential solutions. 

The MATADOR project will be looking at 

all of these wi th the aim of stimulating 

the marke t in t he shor t t e rm and 

increasing awareness of what EVs have 

to offer. 

A study of the international situation 

shows that more is involved w i th the 

electric car than environmental aspects 

alone: European competitiveness is also 

very much at stake. Certain manufactur

ers, especially in France, are ready to 

respond to this challenge. Experts from 

the cooperative network supported by 

Joule believe tha t Europe is suffer ing 

above all from failing to come out f irmly 

in favour of the electric vehicle, as cer

tain of the largest US states have done, 

California for example. Similarly, the 

l o n g  t e r m s t ra tegy adop ted by the 

Japanese government and motor indus

try could make Japan the leader in this 

sector within just a few years. ■ 

Contact 

(1) Project J0U2CT940291 

(2) Management Tool for the Assessment 

of Driveline Technologies and Research, 

Project PL97O2O0 

What do drivers think ? 

Bernardus van Spanje, NOVEM, 

The Netherlands 

Tel. :+31 30 239 34 21 

Fax :+31 30 231 64 91 

Internet : 

www.ecn.nl/unit_bs/ev/index.html 

A study carried out at the 1996 Brussels motor show showed that, although reluctant at 

first, most visitors appreciated the virtues of an EV after a test drive. The principal motiva

tion for possibly changing to an EV was concern for the environment, although drivers also 

liked the fact that these vehicles are so easy to drive. The main source of dissatisfaction 

was not the speed (limited to 90 km an hour) or the autonomy (under 100 km), both of 

which were deemed sufficient for urban driving, but the reliability of the batteries and the 

possibility of electrical problems, coupled with inadequate aftersales service. Although the 

running costs (servicing + fuel) of an EV are lower than for a traditional vehicle, with a pur

chase price which is almost double that of another car a major barrier certainly remains 

even if certain projections indicate that EVs can be more economical in the longer term. 

Also, it is not enough simply to launch electric vehicles on the market. The infrastructures 

charging points and the necessary skills at garages and service stations, etc.  must follow. 

I 
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News in Brief 
EUROPEAN RTD POLIO 

Fi f th Framework Pro
gramme: more e f f i c i e n t 
management - "This meeting 
shows the impor tance the 
Council attaches to ensuring 
that European research funds 
are used ef fect ive ly and to 
providing our researchers with 
a user-friendly system that is 
efficiently run", stated the UK 
minister John Battle, president 
of the Research Council, at a 
special meeting held last April 
to examine s t ra teg ies fo r 
improving the management of 
the Fifth RTD Framework Pro
gramme. The new manage
ment approach proposed 
includes: 

• Regular benchmarking in 
order to compare the Com
mission's performance w i th 
that of other research organi
sations. In th is connect ion, 
Edith Cresson presented the 
conclusions of a recent study 
of s taf f and admin is t ra t ive 
costs, carried out by Andersen 
Consulting, which shows that 
the Commission's costs com
pare favourably w i t h other 
na t iona l and i n te rna t i ona l 
research organisations. 
• Greater involvement by sci
en t is ts , i ndus t r i a l i s t s , and 
users in imp lemen t i ng the 
programmes. A meeting wi l l 
be held of the Commission's 
advisory bodies covering aca
demic research (ESTA) and 
industr ial research (IRDAC). 
External advisory groups wil l 
also be set up and charged 
with submitting public advice 
on the general direction and 
research priorities for key pro
gramme areas. 
• Improved transparency and 
simpli f ied procedures. (PR -
29/4/98) 
http://www.cordis.lu/uk/en/src 
/report.htm 

An integrated RTD policy in 
the less-favoured regions -
"Cohesion, competitiveness 
and RTD Et Innovation". The 
Commission recommends that 
the EU should focus on these 

Programme addresses on EUROPA and CORDIS 
the "EUROPA-12" and "CORDIS" Internet addresses given for the 
various programmes referred to in the following three pages should 
all be prefixed as follows: 
For EUROPA-12: http://europa.eu.int/comm/dg12/ 
For CORDIS: http://www.cordis.lu/ 

Reference to DG XII press releases 
Information bearing the reference PR + DATE is also available as 
a press release on EUROPA-12: press.html 
Fax: +32-2-295.82.20. 

Publications 
Publications listed where the EUR number is followed by an 
asterisk * are subject to charges and can be ordered from the 
OOPEC - Fax: +352-48.85.73. Other publications can be obtained 
from the programmes concerned. 

four elements in taking up the 
essent ia l cha l lenge fac ing 
regional policy in the years 
2000-2006, namely to create 
jobs and provide sustainable 
development in Europe's less-
favoured regions. These areas 
must pa r t i c ipa te in the 
dynamic of developing knowl
edge and competitiveness. 
The Commission Communica

tion ( , ) stresses that training, 
research and innovation must 
increasingly permeate through 
to the manufacturing fabric of 
regions in d i f f i cu l t y . These 
three priorities must therefore 
be central to the joint inter
ven t ions of the S t ruc tu ra l 
Funds and the RTD Framework 
Programme. One of the key 
objectives of European sup-

EUatExpo'98 

The European Union's Pavilion at Expo 
98 in Lisbon is expecting some one mil
lion visitors by 30/09/98. Located at 
the base of the three-storey Vasco de 
Gama panoramic tower, in a boat-
shaped building projecting 60 metres 
into the River Tagus, every aspect of the 
EU's marine activities are on display -
marine research, developing sustainable fisheries, new shipbuilding 
technologies, advanced communication at sea, and maritime 
safety. In the Inventing Tomorrow thematic space, visitors can dis
cover marine RTD - through audio-visual interactive technologies -
in the areas of climate change forecasting, energy, coastal preser
vation, combating marine pollution, exploration of the ocean 
abysses, the design of new high-speed ships and more. A number 
of scientific events will be held throughout the Expo, either in the 
Pavilion itself or at other locations in Lisbon (see our "Diary" Infor
mation in the RTD Programmes news). 
Internet: http://europa.eu.int/expo98/en/inventing.html 

port wi l l be to help regional 
players to initiate and develop 
integrated research and inno
vation strategies adapted to 
t he i r k n o w - h o w and 
resources. 
(1)C0M(98)275 
Contact : H. Logue 
Fax : +33 2 29 60 56 60 

Women and science: The 
results of the European con
ference - "To forego the intel
lectual potential of half the 
population is simply absurd," 
Edith Cresson told 400 women 
(and a few men) who 
a t tended the "Women and 
Science" conference organised 
by the Commission and Euro
pean Parliament in Brussels on 
28 and 29 April. 
The Commission proposed that 
a "Women and Science" 
observatory and European 
ne twork should be es tab 
lished. The aim of these two 
initiatives will be to: 
• establish precise statistics 
on the position of women sci
entists; 
• continually assess the pres
ence of women on European 

research projects; 
• increase awareness of equal 
opportunities among scientists 
and polit icians at the Com
mission and in the Member 
States. (PR - 29/4/98) 
See also "Against an apartheid 
of the sexes", a reader's 
response to the article pub
lished in RTD Info 18. 

"Mad cow" disease: 22 new 
European research projects 
are launched - Assessing the 
risks of transmission to man, 
identifying the role and struc
ture of the "prion", and imple
menting new approaches to 
treatment are just some of the 
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subjects covered by the 22 
new research projects on 
bovine spongiform encepha
lopathy (BSE). The projects, 
which the European Commis
sion has just adopted follow
ing an initial joint call for pro
posals launched by the BIO
MED, BIOTECH and FAIR 
programmes, have a total 
budget of nearly ECU 21.9 
million. (PR 24/2/98). 

Diary 

■ 'Research, Technology, Inno

vation: their role in Economic 

Development. Regional Part

nership as Catalysts'  30/6

1/7/98  Cardiff (UK)  Hugh 

Jones  Fax: +44 1970 622063 

 Internet: http://www.aber. 

ac.uk/~mvj/conference/ 

■ 4
th
 annual conference of the 

European Association of 

Research Managers and 

Administrators (EARMA)  3

4/7/98  Dublin. On the pro

gramme: university/industry 

relations and optimising the 

research potential, with spe

cial emphasis on the future 

policy and direction of Euro

pean research. Email: 

EARMA@incentiveconf.ie 

■ T/ie culture of science and 

technology  Europe and the 

planet 13/10/98  Lisbon. 

Conference organised by the 

European Association for the 

Study of Science and Technol

ogy (EASST), with the support 

of the European Commission 

(DG XII) and the Fundação 

Portuguesa para a Ciência e 

Tecnologia. This interdiscipli

nary meeting will cover sub

jects such as: the involvement 

of experts and the public in 

decisionmaking; science, law 

and ethics; the reality and sig

nificance of the virtual soci

ety; space, environment and 

mobility; the history and the

ory of science and technology. 

Email: EASST98@iscte.pt 

Information 
Technologies (ESPRIT) 

Fax: +322296.83.88 

Email: esprit@dg3.cec.be 

CORDIS: esprit/home.html 

Diary 

■ HPN 98  8
th
 conference on 

the management of high per

formance networks  2 1 
25/9/98  Vienna  Organisa
tion: International Federation 
of Information Processors (IFIP) 

Industrial Materials 
and Technologies 
(Brite-EuRam) 

Fax: +322296.67.57 

+322295.80.46 

Email: 

imthelpdesk@dg12.cec.be 

EUROPA: breur1.html 

CORDIS: briteeuram/home.html 

Diary 

■ Electric Vehicle Symposium 

31/93/10/98Brussels 

Publication 

■ "Europe's research at the 

service of its people  main 

conclusions of the Conference 

on Industrial Technologies, 

Toulouse, 2730 October 

1997" CG5698P01ENC. 

Standards, 
Measurements 
and Testing (SMT) 

Fax: +322295.80.72 

Email: 

smthelpdesk@dg12.cec.be 

EUROPA12: bcr1.html 

CORDIS: smt/home.html 

Results of the last call for 

proposals  71 new projects 

have been selected (46 

research projects, 14 thematic 

networks and 11 accompany

ing measures). The contracts 

are being negotiated. 

Training 

■ Quality Assurance for 

Chemical analysis (QUACHA)

September November 98  In 

five Member States (Spain, 

France, Greece, Italy, Portu

gal), the SMT programme is 

organising training for scien

tific managers at laboratories 

situated in outlying regions in 

order to allow them to be 

included in a harmonised 

approach to current EU prac

tices. A manual summarising 

these training sessions will 

also be published in the 5 lan

guages of the countries par

ticipating in this initiative. 

Information: see Measure

I 
Against apartheid of the sexes 

The Women in science, women and science article (RTD Info 

18) prompted a response from a British scientist, Ms Julia 

Stegemann, of the Imperial College of Science, Technology and 

Medicine (London). 

"I would like to protest against the emphasis of the article, as 

introduced by the statements that "women ... bring a specific 

approach and sensitivity... A more active involvement of women in 

research will not only add to the available skills, but also broaden 

the content', and continued with statements such as "The feminist 

view... is that women approach the world  and thus the object of 

their research  in a manner which is both emotional and intellec

tual...". 

It is a source of continual amazement to me that reputable publi

cations such as yours consider it acceptable to perpetuate a view 

of women as being "equal but different", which is essentially the 

same as apartheid, based on sex rather than race. It is no more fair 

to categorise women in general with positive adjectives such as 

sensitive, emotional, broadminded and socially skilled (and by 

obvious extension, men in general as insensitive, unemotional, nar

rowminded and socially inept), than to say that women are illogi

cal, irrational, hypersensitive, have poor maths skills, or any other 

of the negative characterisations which have traditionally been 

misapplied. 

I am sure we all know both men and women to whom any of these 

descriptions could be applied. Whether we would apply them to 

equal numbers of males and females of our acquaintance is a sub

jective question, and if the numbers were unequal could we say 

definitively whether biological or social factors were responsible? 

Even if it were possible to conduct research to show scientifically 

that, on average, women are (for example) more sensitive than 

men, and that this has an innate biological basis, what purpose 

would be served? Observation of the world around us shows that 

the range of human characteristics and behaviours is wide. To 

allow equal opportunities for everyone, we must be free from prej

udices, and take individuals as we find them. 

" This letter provides on opportunity to open up the pages of RTD Info to our 

readers who ore invited to submit their opinions, reactions, questions, sug

gestions, etc. to the editors. 

ments and Testing Newsletter 

(vol.6, N1), June 98 issue. 

Publication 

■ Microbiological Analysis of 

Food and Water  Guidelines 

for Quality Assurance  Light

foot N.G. and Maier E.A. Eds., 

Elsevier, Amsterdam, ISBN: 0

444829113 (1998) 

Environment & Climate 

Fax: +322295.20.97 

Email: 

environinfodesk@dg12.cec.be 

EUROPA12: envir1.html 

Earth observation by satellite 

 The last call for proposals, 

which closed in October 97, 

produced 24 proposals for 

research projects, 7 of which 

have been selected and will 

receive total financing of ECU 

13.6 mil l ion. The projects 

relate to forest fire monitoring, 

management of the plant and 

agricultural environment, and 

the study of chemical phe

nomena in the atmosphere in 

relation to climate change. 

(PR 13/3/98) 

Diary 

■ INTECOL 98: New tasks for 

ecologists after Rio '92  19

25/7/98  Florence (I). 7
th 
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I n t e r n a t i o n a l Congress on 

Ecology, organised by the 

International Ecology Associa

tion (INTECOL). 

I n t e r n e t : w w w . t a m n e t . i t / 

intecol98/index.htm 

■ Earth observation  The 

applications of observations of 

the oceans and coastlines  2

3/7/98  Lisbon  Seminars 

organised by the Earth Obser

vation Centre, managed by the 

JRC. On the programme: the 

state of the seas  oceans and 

climate  monitoring ice fields 

 the proliferation of algae 

pol lut ion by hydrocarbons 

coastal areas. 

Internet: www.ceo.org/ 

■ 2
nd

 International Conference 

on Climate and Water  28/8

5/9/98  Espoo (Fl). 

■ European symposium on 

sustainable regional develop

ment  28 30 /10 /98  Graz 

(A). 

■ Environmental change: val

uation methods and sustain

ability indicators  2 8 / 8 / 

5/9/98  Sienna (I). 

Publication 

■ Impact of Endocrine Dis

rupters on Human Health and 

Wildlife  Report on the Euro

pean seminar held in Decem

ber 1996  EUR 17549 

Marine Science and 
Technologies (MAST) 

Fax: +322296.30.24 

Email: mastinfo@dg12.cec.be 

EUROPA12: marine1.html 

CORDIS: mast/home.html 

Diary 

■ 2
nd

 annual ELOISE (European 

Land Ocean Interaction Stud

ies) Conference  3 0 / 9 

3/10/98  Huelva (E)  (see 

also publication below). 

■ OCEANS '98 Conference 

28/91 /1098 Nice(F) 

■ European Climate Science 

Conference  1923/10/98 

V ienna  Assessment of 

research carried out under the 

120 European projects sup

por ted by the EEtC p r o 

gramme. 

■ Symposium Marine Benthic 

Dynamics: Environmental and 

Fisheries Impact, 57/10/98 

Iraklion (Crete) 

■ 6
th
 International Paleo

A new look for "Euroabstracts" 

"Euroabstracts", the review of publications 

on Community ROD published every other 

month by the European Commission's 

Innovation programme, is one of the Com

mission's oldest magazines, first published 

more than 30 years ago. In April it got a 

new look, in terms of form and content. 

The change was prompted by the fact that 

the traditional abstracts of all the EUgen

erated research publications are now more quickly and easily avail

able on the CORDIS Website. The relaunched magazine will there

fore focus on a more indepth analysis of a number of key publi

cations concentrated in strategic areas of the EU's research policy. 

The June issue gives extensive coverage to the publication of the 

2
nd

 report on SEtT indicators in Europe. 

Contact : Fax : +352430132084 

Email : RTDhelpdesk@lux.dg13.cec.be 

Cordis : euroabstracts/en/home.html 

ceanography Conference 

2328/8/98, Lisbon 

■ 3
rd

 Workshop of the 

Mediterranean Targeted Pro

ject  1517 /10 /98 , Rhodes 

(GR) 

Publications 

■ Project synopses (Volume 2) 

 Coastal Ecosystems (ELOISEf· 

 EUR 17785 EN; ISBN 9 2 

82823121 

■ AirSea Exchange: Processes 

and modelling  EUR 17660 

EN; ISBN 9282825779 

Biotechnology (BIOTECH) 

Fax:+322299.18.60 

Email: Nfebiotech@dg12.cec.be 

EUROPA12: biot1.html 

CORDIS: biotech/home.html 

Publication 

■ Ethical, legal and social 

aspects of life sciences in 

FP4C  Catalogue of ELSA 

projects. 

■ Biotechnology (19921994) 

 Final Report  Final results of 

133 projects which received 

global fund ing of ECU 158 

million during this period. 

■ Biotechnology (199498) 

Progress Report  A review of 

60 projects launched under 

the Biotech 2 programme. 

Agriculture and Fishing 
(FAIR) 

Fax: +322296.43.22 

Cordis Rapid us, home delivery 

Are you interested in certain items of information on European 

RTD? CORDIS RAPIDUS is a free and easytouse service available 

on the Cordis server, the online database of EU programmes and 

initiatives in the field of RTD. 

When making any search on the Internet site www.cordis.lu, all 

the criteria selected can be memorised by clicking on the "Store 

Search" option. The RAPIDUS service will then send you a personal 

email as soon as any additional information corresponding to your 

"search profile" becomes available. 

Email: helpdesk@cordis.lu 

Email: Iifefair@dg12.cec.be 

EUROPA12: agro1.html 

CORDIS: fair/home.html 

Diary 

■ European research towards 

safer and better food (3
rd 

Nutrition Symposium)  12

20810/98Karlsruhe (D) 

Non-nuclear Energy 
(JOULE) 

Fax: +322296.68.82 

E  m a i l : h e l p l i n e  e n e r g y ® 

dg12.cec.be 

EUROPA12: joule1.html 

CORDIS: joule/home.html 

Diary 

■ Third European wave energy 

conference  30/92/10/98 

Patras (GR) 

The la test sc i en t i f i c RTD 

developments are to be pre

sented. This provides the par

t i c ipants at the conference 

with the opportunity of taking 

part in an exchange of experi

ence and of making cr i t ical 

remarks. 

Publication 

■ Financial assistance by the 

European Communities to the 

energy sector from 1995 to 

7997C0M(1998) 244  ISBN 

9278352756  This recent 

communication by the Euro

pean Commiss ion , wh i ch 

reports on developments in EU 

pol icy in the energy sector 

since 1995, shows that more 

t han a t h i r d of European 

funding (ECU 1.9 billion out of 

4.7 billion) is allocated to the 

JOULE and THERMIE p r o 

g ramme's research and 

demonstrat ion projects. The 

communication also analyses 

interventions in favour of the 

energy sector under the Struc

t u r a l Funds, i n t e r n a t i o n a l 

cooperation and the European 

Investment Bank. 

■ Joule: 20 examples of pro

jects EUR 18020  ISBN 92

82823148 

Nuclear Fusion 

Fax: +322 296.42.52 

EUROPA: fusion1.html 

Diary 

■ International conference on 

JuneJuly 98 RTD info 19 
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fusion energy  1824/10/98 

Yokohoma Japan 

International 
Cooperation (INCO) 

Fax Helpdesk: +322296.59.36 

Email: incodesk@dg12.cec.be 

EUROPA12: intco1.html 

CORDIS: ¡nco/home.html 

Central and Eastern Europe 

 204 new SEtT cooperation 

projects  Imp rov ing the 

quality of life and of the envi

ronment , seeking new pro 

duction processes applicable 

to Central and Eastern Euro

pean coun t r i es , ana lys ing 

s o c i o  e c o n o m i c ques t ions 

such as drug use. These are 

just some of the subjects of 

204 new pro jects selected 

following the call for propos

als which closed in October 

1997. The budget for this new 

research period is ECU 46 mi l 

lion. (PR  7/4/98) 

Diary 

■ 77ie potential of Research 

and Technological Develop

ment in Structural Support 

Schemes for the Enlargement 

of the European Union  13

15/9/98  Budapest Dr. Nan

dor Eber  E ma i l : eber@ 

power.szfki.kfki.hu 

■ Interdisciplinary ACPEU 

Fisheries Research Workshops 

 Expo'98 Lisbon  "Trophic 

relat ions in the oceans and 

economic p roduc t iv i t y " ( 1 

3/7/98)  "Integrated coastal 

zone managemen t " ( 1 3 

17/7/98)  "Sustainable use of 

biodiversity" 35/9/98 

Targeted SocioEco
nomie Research (TSER) 

Fax:+322296.21.37 

Email: tsersecr@dg12.cec.be 

EUROPA12: tser1.html 

CORDIS: tser/home.html 

Diary 

■ 2
nd

 International Conference 

on Technology Policy and Inno

vation  0305/8/98  Lisbon 

■ EASST'98  European Associ

ation for the Study of Science 

and Technology  General Con

ference 13/10/98  Lisbon 

ETAN 

Publication 

■ The ageing population and 

technologies: challenges and 

opportunities  Report and 

minutes of the ETAN (Euro

pean Technology Assessment 

Network) seminar of 7/5/98. 

Training and Mobility 
of Researchers (TMR) 

Fax: +322296.32.70 

Email: tmrinfo@dg12.cec.be 

EUROPA12: tmr1.html 

CORDIS: tmr/home.html 

Diary 

10
th
 European Union Contest 

for Young Scientists 21

26/9/98  Porto (P)  To detect 

ta lents, reinforce vocat ions 

and intensify scientific culture 

throughout Europe. These are 

the objectives of this annual 

i n t e r n a t i o n a l c o m p e t i t i o n , 

open to young people aged 15 

to 20, which allows winners of 

the national competitions held 

in 30 European countries to 

defend their projects  in a 

wide range of scientific fields 

 before a panel of toplevel 

scientists, in an atmosphere 

which is both r igorous and 

relaxed. 

■ Conferences on European 

research (EURESCO)  The 

European Science Foundation 

(ESF) has publ ished a pro

gramme updated to October 

1998 on meetings devoted to 

a w ide range of sc i en t i f i c 

f i e lds (physics, chemis t r y , 

materials, biology, b iomedi 

cine, environment and earth 

sciences, human sciences). 

These are organised wi th the 

support of the "Euroconfer

ences" under the TMR pro

gramme. The conference is 

open to researchers w o r l d 

wide. Young scientists, espe

c ia l l y those f r om Europe's 

lessfavoured regions, are el i 

gible for grants to allow them 

to attend. 

Internet: www.esf.org/euresco/ 

Ongoing/Upcoming calls for proposals 

STANDARDS, MEASUREMENTS 
ft TESTING 
COWMCr.WiktorRaldow 
Fax : +322295.80.72 

15.6.95 

BIOTECHNOLOGy 17.12.96 
Email : lifebiotech@dg12.cec.be 

(from 1 July 1998) 

Programmes (and contacts) Publication Deadlines 

30.7.98 

15.9.98 

Areas (and specific contacts) 

Open call for support ft accompanying measures. 

Advanced practical workshops. 
CONTACT: Alessio Vassarotti  Fax : +322299.18.60 

ENVIRONMENT ft CLIMATE 

MARINE SCIENCES 
ft TECHNOLOGIES 

BIOTECHNOLOGY 

Marie Curie Research Training Grants 
Postgraduate, postdoctoral and return grants for researchers 

INFORMATION ON INTERNET: http://www.cordis.lu/tmr/home.html 

STANDARDS, MEASUREMENTS 15.12.95 
ft TESTING 

15.12.95 

16.12.97 

15.R96 

NONNUCLEAR ENERGY (JOULE) 15.6.96 

1.9.98 

20.8.98 

20.8.98 

1.7.98 

1.7.98 

Wiktor Raldow  Fax : +322295.80.72 

Angel Arribos Son Martin  Email : angel.arribas@dg 12.cec.be 

Elisabeth Lipiatou  Email : elisabeth.lipiotou@dg12.cec.be 

Alessio Vassarotti  Fax : +322299.18.60 Email : lifebiotech@dg 12.cec.be 

Ingrid Tenten  Fax : +322299.18.47 
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· 

The secrets of alloys 
Archaeologists too are interested in reference materials. By analysing thousands of objects from the Bronze 
Age, Iron Age and Roman times we can determine the composition of the alloys used by these civilisations. 
The samples developed on the basis of this information can then make it possible to increase our knowledge 
of these ancient objects and improve the methods used to conserve them. 

How, in the major civ i l isa
t i ons o f the past wh i ch 
practised meta l -work ing 

techniques, did the craftsmen 
prepare their alloys? This tech
nical question yields historical 
answers which tell us a great 
deal about the know-how of 
lost civilisations and the trans
fer of skills within and between 
these societies. "The propor
t ions of the var ious compo
nents vary widely, according to 
the production methods used -
depending on whether the metal 
was s imply cast or subsequent ly 
forged - and the desired aesthetic or 
mechanical result. Archaeologists are try
ing to determine the empirical know-how 
of these antique metal-workers," explains 
Philippe Brunella, a researcher at the 
European Archaeological Park of Blies-
bruck-Reinheim (France/Germany). 

The experts have long been fascinated 
by this question. Starting in the 1960s, 
spectrometry and microscopic observa
tions provided them with the beginnings 
of an answer. But these analyses are 
incomplete and not very systematic. "The 
methods used are not clear, the nature of 
the samples - such as whether or not it is 
a modified material - is not specified, 
and the archaeological context is not 
given. This is why scientists felt the need 
to obtain certified reference materials," 
explains Michel Wuttmann, a researcher 
at the Institut Français d'Archéologie Ori
entale du Caire (IFAO). 

Analysing the analyses 

The IFAO is coordinating the IMMACO 
(Improvement of Means of Measurement 
on Archaeo log ica l Copper-A l loys for 
Characterization and Conservation) pro
ject, supported by the Standards, Mea-

Experts study copper scrolls 
from the Dead Sea at the 
ED f-Voleara laboratory. 
®X.Renauld - EDE-Valectra 

A bronze and lead statue 
of Osiris (around 450 AD) 

discovered in Ayn-Manâwir. 
This was studied during 

the first phase of the 
IMMACO project. 

conducted by the IFAO and researchers 
from the EDF-Valectra laboratory |2). 

"A vast bibliographical study allowed 
us to examine all the analyses made 

on copper-based metal objects 
from three periods - the Bronze 
Age, the Iron Age, and Roman 
t imes - and f o u r coun t r i es -
France, Germany, Greece and 
I ta ly . The research led to the 
se lec t ion of 3596 resu l ts of 
recent chemical or physio-chemi

cal analyses. This statistical study 
allowed us to draw up, for each of 

the countr ies , tables g iv ing the 
compositions of alloys for the pur
poses of standardisation," explains 
Noël Lacoudre, manager of the EDF-

Valectra laboratory. It was this labo
ratory which carried out a "physical" 

analysis of 15 objects from the Gallo
Roman site of B l iesbruck-Reinheim. 

"These were items which it was accept
able to sacrifice. There were cut up in 
order analyse the metal composition and 
corrosion products" (Philippe Brunella). 

From Europe to Egypt 

surements and Testing programme, on 
which seven partners from four European 
countries are working (1). Their aim is to 
establish reference standards which are 
representative of all the objects handed 
down from history's major metal-working 
civilisations. 

But what must be certified? "It was 
necessary to determine both the number 
of materials and their composi t ion in 
order to cover all the alloys produced 
between the t ime when metal-working 
f i rs t appeared and the end of Roman 
times." (Michel Wut tmann) . This f i rst 
phase of the project (1996-1999) is being 

The IFAO also carried out other analy
ses of Egyptian objects from the Old and 
New Kingdoms. These analyses increased 
the geographical and histor ical range 
covered, and thus the potential users of 
the certif ied materials. "Metal-working 
techniques spread w ide ly dur ing the 
Bronze Age, in particular in the eastern 
Mediterranean, and a great many Egypt
ian objects are to be found in European 
museums. Archaeological research into 
these civilisations is also a field in which 
European institutions have been involved 
since the very b e g i n n i n g , " (M iche l 
Wuttman). The analysis of these objects 
supported the choice of five copper alloys 
made by the Valectra laboratory and pro-
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posed for certification. 

On the basis of th is i n fo rma t ion , a 

team f rom the Ins t i tu te of Reference 

Measures and Materials (IRMM) at the 

Joint Research Centre in Geel (Belgium) 

was charged with manufacturing samples 

which would subsequently serve as cert i

fied materials. Chris Ingelbrecht, project 

manager at the IRMM, explains that the 

"principal di f f iculty lay in the fact that 

these alloys no longer exist today. For 

example, arsenic, a dangerous substance, 

is no longer used, so we developed an 

innovative system to reintroduce ele

ments and reconstitute these materials." 

Measuring, conserving 
and restoring 

In add i t i on to ce r t i f y i ng reference 

materials, the IMMACO project also com

piled a genuine guide to "good analytical 

practices". This tool wil l permit system

atic composition analyses which can also 

be carried out at archaeological sites 

using portable instruments. "Archaeolo

gists wil l thus be able to gather a very 

large number of more reliable measure

ments. This will give us correct statistics 

on alloy composition and at that point 

we will be speaking the same language," 

(Philippe Brunella). 

Another far from insignificant result of 

the painstaking work of standardisation 

w i l l be to prov ide conserva t ion and 

restoration experts w i th new precision 

tools. Certain chemical or electrochemi

cal methods used to repair the effects of 

corrosion are disputed due to the lack of 

control over the reactions produced on 

the surface of the object. 

"Part of the project is devoted to the 

production of patina on reference materi

als, based on the study of the pat ina 

found on archaeological objects. Differ

ent methods can be tested which would 

be impossible to carry out on the original 

items," explains Noël Lacoudre. 'This pro

cessing wi l l answer a number of ques

tions concerning conservation, in particu

lar the problem of the migration of vari

ous e lements f rom the meta l to the 

Figurine decorating a bronze brazier found 

at the Mafraq site (Jordan)  8
th
 century. 

Xray and object after restoration. 

*'X.Rcnauld  EDFValectra 

periphery. The IMMACO project not only 

permits an increased knowledge in the 

f ie ld of archaeology, but also aims to 

improve the conservation of an important 

heritage." ■ 

The metal "road" 

(1) Laboratoire de restauration de l'Institut 

Français d'Archéologie Orientale  Le Caire 

(France), Laboratoire EDFVALECTRA (France), 

Laboratoire d'Etudes de la Corrosion de l'Ecole 

Nationale Supérieure de Chimie de Paris (France), 

Universitaire Instelling Antwerpen  MITAC 

(Belgium), Technische Universität Wien (Austria), 

Institute for Reference Materials and 

Measurements of the Joint Research Centre of 

the European Community (Geel/Belgium) and, 

as an associated partner, the SEK  Europäischer 

Kulturpark BliesbruckReinheim (Germany). 

(2) Belonging to Electricité de France (EDF), 

this laboratory is specialised in the conservation 

and preservation of ancient metal objects 

and ¡s a frequent patron of scientific and 

technical projects 

Copper was worked a long time before gold. The earliest objects, produced by coldham

mering techniques, were found in Anatolia, in western Iran, and date back to the 9th mil

lennium BC, but it is another 2,000 years before we see the beginning of metallurgical 

techniques which require ovens reaching a temperature of over 1000°C. In around 6,500 

BC, centres appeared in Anatolia and Mesopotamia. In around 4,500 BC, copper objects 

were produced in the Balkans, the technique later spreading west through the Mediter

ranean and along the Danube valley. 

The progress in metalworking techniques came from the development of alloys. When 

another component is added to copper, the metal becomes more resistant and is also easier 

to shape or to melt at a lower temperature. Arsenic was the first ingredient to be added. 

This was later replaced by tin, to produce bronze. The Bronze Age thus began in France in 

the year 2000 BC. Bronze allowed high quality weapons to be produced and the craftsmen 

were employed In the service of warriors. In the first millennium BC, when it seemed to be 

difficult to obtain copper and tin, lead was used to produce alloys. This led to the Iron Age, 

which appeared in Europe around 1 200 BC and reached its apogee during the Hallstatt 

civilisation (Austria) in around 700 BC before spreading to Central and Western Europe. 

It is this iron civilisation which was conquered by the Romans. Iron became the metal used 

in making weapons and tools, while bronze continued to be used for more refined objects 

and jewellery. 
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Vegetation, 
a "green" eye for SPOT 

As the first system specifically designed to observe the Earth's vegetation cover, VE6ETATI0N opens up new 
opportunities to study, protect, and manage the vegetal biosphere. Benefiting from substantial EU funding, 
the VEGETATION sensor was launched aboard the SPOT 4 satellite with the mission to send back "standard 
products" in line with users' demand. The programme reaffirms the importance of European space expertise. 

h I he SPOT 4 satellite was 
launched on 24 March 

11998 in Kourou, French 
Guyana, with the Vegetation 
sensor on board. A week 
later, Vegetation was sending 
back its first images. Previ
ously, US satellites (1) with 
observation systems designed 
for meteorologists had been 
the only ones to provide a 
global view of the Earth's 
forests and crops. With the 
implementation of the Vege
tation programme, Europeans 
have developed an instru
ment specifically designed to 
monitor the Earth's plant life 
by making ful l use of the 
many possibilities offered by 
the orbiting SPOT platform. 

European involvement 

Five partners worked on 
the Vegetation project: the 
Centre National d'Etudes 
Spatiales (CNES) in France -
the project leader - the Ser
vices Fédéraux des Affaires 
Scientifiques, Techniques et 
Culturelles (SSTC) in Belgium, 
the Agenzia Spatiale Italiana 
(ASI) in Italy, the Swedish 
National Space Board (SNSB) 
and the European Commis
sion. "Vegetation is part of 
the Commission's drive to 
lend new impetus to the 
Earth observation market by 
developing operational appli-

The Vegetation instrument being tested at Aérospatiale 

cations which meet users' 
needs," explains Michel 
Schouppe, the scientific offi
cer responsible in DGXII. 
"Such a programme needed a 
f inancial investment, 
research effort and pooling of 
infrastructures and industrial 
know-how to a degree which 
would have been impossible 
without European support." 

The 46°/o (ECU 51 million) 
Commission financing for 
Vegetation demonstrates 
Europe's commitment to 
Earth observation - which 
received funding of ECU 275 
million between 1995 and 
1998 - and its desire to 
develop its role as a catalyst 
in this field further. Vegeta

tion reinforces the European 
expertise developed during 
projects such as Fuego and 
Megafires (fire detection and 
risk zone studies in the 
Mediterranean region), FIRS 
and TREES (cartography of 
coniferous and tropical 
forests) and MARS (opera
tional monitoring of Euro
pean crops and the decline of 
harvests), with the support of 
the Space Applications Insti
tute (SAI) at the Commis
sion's Joint Research Centre 
at Ispra. 

User participation 

Vegetation was specifically 
designed to provide "image 

products" (see box) which 
satisfy the demands of the 
many organisations involved 
in the sustainable manage
ment of the Earth's plant life. 
Their needs were relayed 
through an International 
User Committee including 
representatives of interna
tional organisations - such as 
the FAO - and global pro
grammes - such as the Inter
national Geosphere Bios
phere Programme. 

"The Vegetation specifica
tions were drawn up on the 
basis of the needs of funda
mental research teams work
ing on the functioning of 
major ecosystems, environ
mental change and the 
impact of human activities, 
and much more pragmatic 
applications, such as control
ling forest fires or forecast
ing agricultural production," 
explains Gilbert Saint, head 
of the Vegetation mission at 
the CNES. "Although they are 
all studying the same bio
physical phenomena, the sci
entists can generally use 
less-operational data than 
are required by bodies inter
ested in the status or fore
casting of stocks. Also, as 
such data are intended for 
global users, the specifica
tions had to conform as 
much as possible to existing 
international image archives." 
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31.3.98. The first - historic - ¡mage obtained 
using data supplied by Vegetation. 

A Preparatory programme 
for the use of Vegetation prod
ucts has been set up, follow
ing a call for proposals, in 
order to improve the process
ing algorithms for the Vegeta
tion data, define innovative 
products, identify potential 
fields of application and stim
ulate the interest of the widest 
possible community of users. 

The ground component 

The Vegetation system 
includes an important 
ground component for the 
reception and preparation of 
products: the Vegetation 
programming centre in 
Toulouse (F), the receiving 
station in Kiruna (S) and the 
image processing centre 

(CTIV) in Mol (B). "This cen
tralised ground component 
brings major benefits. It per
mits the systematic archiving 
and processing of the entire 
global cover. A daily synthe
sis is produced in Mol, which 
serves as a basis for a 10-day 
synthesis," explains Michel 
Verbauwhede, member of the 
SSTC space division in Bel
gium. 

The CTIV is able to process 
and deliver to users in under 
three days the products 
ordered by subscription. A 
European consortium formed 
by Nuova Telespazio (I), 
Satellitbild (S), CLEO (B) and 
SPOTImage (F) is responsible 
for the worldwide marketing 
of the Vegetation data. 
"Access to the data 
overviews is also very rapid," 
points out Gilbert Saint. 
"Whereas in the United 

States the USGS gathers data 
received by about 40 stations 
for processing purposes -
which is going to take some 
time because in 1998 the 
summaries of data acquired 
in 1996 are only just becom
ing available." 

The information provided 
by Vegetation also guaran
tees European autonomy. 
"For the Commission, Vege
tation represents an indepen
dent informat ion source 
which can support its sec
toral policies - whether in 
assisting agricultural produc
tion and reform, forest man
agement, environmental 
monitoring, regional devel
opment, preparing the data 
necessary for drawing up 
international agreements, or 
implementing international 
emergency food aid," 
explains Michel Schouppe. 

The added value of the Vegetation products 

an 

Spatial resolution - The present state of detector technology, 
with the detectors arranged in a line on a small bar, makes it pos
sible to reduce the geometric distortions observable at the edges 
of the image considerably and to maintain the spatial resolution 
of 1.15 km (resolution variations ranging from 1 km to more than 
6 km are observable in AVHRR images). The localisation of each 
pixel is very precise - 300 metres dispersion in the course of one 
year. The analysis of a series of measurements of a given geo
graphical point, taken over a specific period of time, is therefore 
based on reliable spatial data. 
Four spectral bands - In addition to the two traditional spectral 
bands of red and near infrared (which give indications of photo-
synthetic activity), medium infrared and blue are now included. 
The radiometric resolution has been adapted in order to measure 
variations linked to ground use - and not only the major contrasts 
which meteorologists need. Medium infrared, which is sensitive to 
the water content of soils and plants, is able to detect humidity 
nd cover structure. The blue was mainly added in order to obtain 

better atmospheric corrections - and secondarily for certain 
oceanic applications. This band also provides opportunities for soil 
cartography and the monitoring of desertification. 
The linking of resolutions - Vegetation works at two levels. Its 
low-resolution data (each pixel represents 1x1 km2) can be com
bined with those of other high-resolution SPOT 4 instruments 
(HRVIR - High Resolution Visible Infrared) which are able to 
observe details of 10 to 20 cm. This linking of low- and high-reso
lution images taken simultaneously from the same platform per
mits a finer analysis. "A zoom effect with the high resolution and 
the same spectral bands makes it possible to describe better virtu
ally every Vegetation pixel. We can therefore understand why such 
a measurement changes over time depending on the diversity of 
the soil use," explains Gilbert Saint. Conversely, Vegetation makes 
it possible to make up for the low frequency of the high resolution 
which only permits a few images a year - between three and five 
in Europe. 
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VEGETATION 2 

Fol lowing a call for p ro

posals by the European Com

miss ion , a Vegetation 2 

research project is now being 

launched in order to improve 

the p roduc ts and services 

offered to users and to bring 

technological innovations to 

the mark 2 version. "SPOT

type satellites have a life of 

about f ive years. The next 

version of Vegetation wil l be 

the opportunity to respond to 

a c o n s t a n t l y chang ing 

demand," cont inues Michel 

Schouppe. "Different areas of 

the economy are at present 

being polled in order to iden

t i f y t h e i r exac t s a t e l l i t e 

informat ion needs and thus 

in future supply data which 

are increasingly relevant to 

the new types of user." 

Worth noting is the fact is 

that the European Commis

sion's f inancial contr ibut ion 

to Vegetation 2  which wil l 

be developed wi th f inancial 

par t i c ipa t ion of industry 

w i l l be much reduced. This 

ref lects industry 's growing 

interest in very h igh leve l 

scienti f ic and technological 

investments in an up and 

coming f ie ld o f fe r ing the 

prospect of a fas t g rowing 

market for applications. ■ 

(1 ) Of the AVHRR (Advanced Very 

HighResolution Radiometer) type 

fitted to NOAA (National Oceanic 

and Atmospheric Administration) 

satellites. 

Tailormade products 

Vegetation supplies its data in two forms: primary products 

(VGTP) and synthesised products (VGTS). The former relate to 

a measurement taken when the instrument passes a certain 

point. The latter select, within a given period (one day or 10 

days), the best measurement from those available at a given 

geographical point. 

"The method currently used for synthesised products results 

from tests using traditional AVHRR data," explains Gilbert Saint. 

"We are waiting to receive sufficient Vegetation data to vali

date new methods using blue and mediuminfrared bands in 

particular." 

The 10day overview seems sufficient to determine the develop

ment of vegetation. But in order to obtain a quality measure

ment every 10 days, it is necessary to continue to gather data 

every day. 

Contact Gilbert Saint 

CNES 

Fax:+33 5 61274172 

Email : gllbert.saint@cst.cnes.fr 

http://wwwvegetation.cst.cnes.fr:8050/ 

The planet day by day 

The traditional highresolution images transmitted by SPOT 

satellites scan a strip of ground 60 km wide. This relatively nar

row and necessarily intermittent scanning of the Earth's surface 

only permits pictures obtained at quite widely spaced time inter

vals. But the observation of the evolutionary cycle of vegetation 

at any given site is only of any meaning if it is repeated with 

sufficient frequency. This is exactly what the four lowresolution 

cameras which function as Vegetation's eyes are able to do. 

They can photograph an area 2,250 km wide in the course of 

SPOT'S 14 daily orbits
 l1

', a field of view which allows them to 

obtain excellentquality data on any point on the Earth's surface 

on an almost daily basis. In the space of 24 hours, Vegetation is 

able to transmit pictures of 90% of the world's equatorial zones, 

the remaining 10°/o being scanned the next day without fail. For 

latitudes above 30°, the frequency of passage over a given area 

increases progressively. At the Kiruna receiving station in Swe

den, for example, data is transmitted five or six times daily, each 

time the satellite passes overhead. 

(1) This scanning shifts slightly every day, with SPOT 4 returning 

above any given point every 26 days, after 369 orbits. 

Four cameras, scanning 
the ground to a width 
of 2,250 km, can send 
back images of 90% 

of equatorial zones 
in 24 hours. 

The whole of the Earth's surface is covered by means of SPOT'S 14 daily orbits. 
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Oceans in a changing world 
The Earth is a dynamic planet and the relationships between its oceans, atmosphere and land 
masses are incredibly complex. Disentangling them is not just interesting science; it might well 
be crucial to our future survival. 

Π he oceans, which cover 70% of the Earth's surface, are a central 
component of the environment. Water circulation patterns in and 
between the different oceans strongly influence the climate of 

many parts of the world. Northern Europe, for example, is at the same lati
tude as Alaska, but it has a much milder climate because of the Gulf 
Stream that brings warm tropical water from the Gulf of Mexico. 

All the oceans of the world are linked and events in one ocean can have 
widespread effects in other oceans, on the land and in the atmosphere. 
Today, we know that some water circulation patterns are changing, but we 
have two problems. Not only is it virtually impossible to separate the 
changes due to natural phenomena from changes caused by human activi
ties, it is also difficult to say what the eventual consequences might be. 
Models that predict how the global environment might change in the 
future do give a lot of good information - many are now incredibly sophis
ticated. However, any model is only ever as good as the data fed into it. 
European researchers recognise that to improve our models, we need to 
learn a lot more about how water moves in the oceans. 
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Π 
¡he European research p ro j ec t 

ES0P2 is focusing on circulation 

I patterns that form the very deep, 

cold water in the Greenland Sea. Deep 

water formation in this area is impor

tant for the climate of Europe because it 

encourages the northward f low of the 

Gulf Stream Drift. The process of deep 

water formation in the Greenland Sea is 

also relevant to the global environment 

since it takes carbon from the atmos

phere into the deep ocean, preventing 

i t f rom con t r ibu t ing to the green

house effect. 

Despite its importance, the physical 

processes involved in deep water 

formation are not well understood. 

ESOP2 gathers sc ient is ts f rom 

many d i f f e r e n t f i e lds and is 

using a range of methods to 

learn more. In one of 

the project's most 

exc i t i ng e x p e r i 

ments , sc ien t i s t s 

released an ine r t 

tracer into the centre 

of the Greenland Sea at 

a depth of 300 metres. 

The results obtained by fol 

lowing the fate of the tracer 

were better than anyone hoped for: two 

previously unknown mechanisms of water 

circulation were discovered. 

Investigators were surprised to f ind 

that strong currents rapidly transported 

the tracerlabelled water from the 300 m 

level down to a depth of more than 3 km, 

causing storms on the seabed. In addition 

to this largescale movement of water, 

the team also discovered a local ised 

chimney effect  th in currents, which 

take water f rom the surface s t ra ight 

down to the b o t t o m . One ch imney , 

detected in May 1997, takes surface 

water down to a depth of 2 km. 

essonsfrom the past 

Studying the past is also important for 

predicting the future. Measurements over 

the last 100 years tell us that the global 

env i r onmen t is c h a n g i n g : we have 

released large amounts of carbon dioxide 

and other gases into the atmosphere and 

these seem to be causing a 

slight global warming. 

However, a l t hough 

average tempera

tures might rise, 

some parts 

of the 

To predict the future, we need to know the past. 

Researchers are studying ice and sediment cores 

to chart previous climate changes and gain 

important information to understand the global 

environmental variations that we are seeing 

today. 

world could become very much hotter 

whilst others could actually cool. 

Several projects supported by the EU 

are using a common approach to find out 

more about what might happen to the 

climate in Europe. Teams of researchers 

are studying ice and sediment cores to 

study the natural variations in cl imate 

that occurred during Earth's turbulent 

past. Similar periods of warming have 

already been identified and the teams are 

using this data to improve currerra 

that predict climate change. In one EU

funded project, JeanClaude Duplessy and 

his colleagues have been investigating 

events that took place more than a hun

dred thousand years ago. 

During the warm period just before the 

last ice age, some of the ice sheets in the 

At lant ic broke up and formed icebergs 

that floated south and melted when they 

met warm water. The large amounts of 

f r eshwa te r released i n to the ocean 

blocked the normal water circulation pat

terns and stopped currents like the Gulf 

Stream bringing warm water northwards. 

This led to a strong cooling effect over 

Northern Europe which lasted for 12 

thousand years and which was then fo l 

lowed by a rapid warming. 

This warming, however, was only 

temporary and within a few hundred 

years there was another period of 

c o o l i n g , a l t h o u g h not large 

enough to cause a real ice age. 

This t ime the change to a 

colder c l imate cannot be 

explained by mel t ing ice

bergs. What seems to have 

been more important is that, 

at the time (115127 thousand 

years ago), the North Pole was 

tilted further away from the Sun than it 

is today and so less heat was able to 

enter the top of the atmosphere in the 

Northern Hemisphere. This resulted in less 

heat at the higher latitudes and cooler, 

less salty water in the North At lant ic, 

which again prevented the Gulf Stream 

reaching Northern Europe. 

JeanClaude Duplessy stresses the rele

vance of these ancient events to our cur

rent s i tuat ion: "The increase in C 0 2 in 

the atmosphere due to human industrial 

activity in this century is causing more 

rain in the high latitudes of the North 

Atlantic and again increasing the influx 

of freshwater. This could force back the 

Gulf Stream further south again." 
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The oceans and 

WK oceans play an 

important role in the 

cycling of carbon 

between the atmosphere, the 

physical environment and liv

ing organisms. Three large 

European projects  ESCOBA, 

CARUSO and ASGAMAGE  are 

investigating these complex 

processes using experimental 

techniques and specially 

developed computer models. 

Carbon dioxide from the 

atmosphere dissolves in water 

and is transported around the 

globe by currents in the deep 

oceans. Plankton which can 

photosynthesise (make 

organic matter by combining 

carbon dioxide and water and 

using energy from sunlight) 

use some of this carbon. If 

they are plentiful, the ocean 

becomes a net sink for carbon, 

taking it out of the atmos

phere and locking it up in 

organic debris that eventually 

become trapped in sediments 

on the seabed. 

If the C02 in the atmos

phere goes up, as it has during 

the last 200 years, it pushes 

more CO2 into the oceans. 

Unfortunately, this increase 

does not mean more growth 

of living organisms because 

the carbon they need is 

already present in great 

excess. So more carbon in the 

atmosphere generally means 

more carbon in the sea. At 

present, we do not know in 

detail how this is linked to 

ocean circulation patterns but 

ESCOBA has already devel

oped several new computer 

models that should help us to 

do this in the future. 

One of the biggest deficien

cies in our knowledge of the 

ocean's role in the carbon 

cycle is our inability to accu

rately calculate the rate at 

which C0 2 ¡s exchanged 

between the air and the sea. 

This means that we cannot 

tell how much of the carbon 

dioxide produced by human 

activity goes into the ocean or 

if there is any chance that the 

oceans might save us from 

global warming by soaking up 

excess C02. Scientists working 

within the ASGAMAGE project 

are trying to come up with 

answers to these questions by 

developing and testing new 

methods of measuring how 

C0 2 passes between the 

atmosphere and the oceans. 

Forecasting El Niño 
Pfprecipitation anorn gt 0) 

PROVOST: Predicting the effects of the 1997/98 El Niño 
The blue or yellow/orange areas indicate parts of the 

world for which wetter or dryer weather than usual was 
forecast by ECMWF. The deeper the colour, the more severe 
the effect. The wet winter over Europe, the floods in China, 

South America and along the Pacific Coast of the US and 
the drought in Indonesia are all clearly predicted. 

What is El Niño? At the Equator, water in the 

western Pacific Ocean is warm. By contrast, its 

eastern part near the American continent is 

colder because it is continually replaced by 

upwellings of deep, cool water. Every two to 

seven years, strong westwardblowing trade 

winds subside, and warm water slowly drifts 

into the eastern ocean. This significant change 

can provoke drastic changes in climate that 

affect many parts of the world causing serious 

damage to economies and loss of human life. 

Since 1997, the current El Niño (the worst this 

century) has caused disastrous flooding in 

Africa and all along the Pacific coast of the 

American continent and has led to severe 

droughts and bush fires in Indonesia and Brazil. 

Europe has escaped the more violent conse

quences of El Nino, but many parts of it have experienced unusual weather conditions. 

Building on many years of painstaking observations of El Niño events, European researchers, partly sup

ported within the PROVOST project, have recently developed a reliable atmosphereocean modelling sys

tem. This is designed to provide regional, global and seasonal climate forecasts which could be of 

immense socioeconomic value. If, for example, governments could rely on seasonal forecasts, they could 

increase fuel stocks before a cold winter. Similarly, farmers could select the crops that would grow best 

in the conditions expected. And, although the project has a European focus, its predictions and benefits 

are global. So if the model forecasted an El Niño event that would cause failure of the sugar cane harvest 

in the tropics, European farmers could increase the sugarbeet production to compensate. 

The new European model uses data from a range of different sources  landbased observations, satellite 

data and ocean surface and subsurface data from ships and buoys. It is proving to be accurate so far, but 

forecasting is easier when the El Niño (warm) or La Niña (cold) events are strong. The team is now working 

hard to improve the models to enable them to forecast the effects under a wider range of conditions. 
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The CARUSO European measurement campaign has shown that the Antarctic 
Ocean is a better carbon sink than the waters of the Northern Hemisphere. This 

unexperted finding is thought to be due to the high density of mineral 
nutrients, particularly iron, in the Southern Ocean. Plankton need iron to use 

carbon dioxide in the process of photosynthesis. 

A better sink in the 
South 

The Southern Ocean ¡s a 
larger carbon sink than the 
Northern Ocean. This is actu
ally unexpected for two rea
sons. Firstly, the Antarctic has 
a very long winter with long 
nights and it also suffers very 
rough seas. Not only is l ight 
general ly l im i ted , p lankton 
that can make use of it when 
they are floating on the sur
face are i n t e r m i t t e n t l y 
plunged to the depths where 
they get no light at all. Sec
ond ly , very cold and deep 
water tends to well up to the 
surface, releasing dissolved 
carbon d iox ide in to the 
atmosphere as it warms up. 

The key seems to be tha t 
the water coming up from the 
deep Southern Ocean is not 
only high in carbon but also in 
major mineral nutrients such 
as nitrogen, phosphorus and 
silicon. Hein de Baar, one of 
the lead ing sc ien t i s t s in 
CARUSO, and his colleagues 
were the f i rs t to show that 
hor izonta l currents coming 
from nearby continental mar

gins enrich the surface water 
wi th i ron: "Apart from light, 
iron could be the major l imit
ing factor for photosynthesis. 
Its role is v i tal because one 
iron atom is at the heart of 
every s ing le mo lecu le of 
chlorophyll, the green pigment 
which enables the plankton to 
photosynthesise." 

The fact that iron levels, not 
l ight, l imit photosynthesis in 
the Southern Ocean in the 
summer months has led to the 
suggestion that adding more 
i ron m i g h t enable larger 
plankton blooms to take more 
carbon out of the atmosphere. 
Some attempts at iron fer t i l i 
sation have been made in var
ious parts of the Pacific near 
to the Equator, w i th mixed 
results. In one experiment, a 
brief plankton bloom occurred 
but then the iron quickly dis
appeared. Hein de Baar and 
the rest of the CARUSO team 
are nevertheless considering 
some further iron-enrichment 
exper imen ts . "Chemica l l y -
labelled iron will be added to 
the sea so that we can trace 
exactly where it goes." 

At the edge 
of the ocean 

Hur interaction with the 
oceans is at its greatest 
a long the wor ld ' s 

595 814 km of coastline: more 
than half the world's popula
tion - over 2.7 billion people -
l ive w i t h i n 100 km of the 
coast. The coastal zones are 
dynamic areas and most are of 
great economic and environ
mental importance. We use 
them for fishing, aquaculture, 
mineral extraction, industrial 
development, energy genera
t ion , tourism and recreation 
and for waste disposal. 

It should come as no sur
prise that managing coastlines 
is very difficult. In Europe the 
Integrated Coastal Zone Man
agement Programme is p io
neering a hol ist ic approach 
wh i ch t rea ts each coasta l 
zone as a complete functional 
entity. The fields of research 
are many and complex: at the 
momen t we do not f u l l y 
understand the natural physi
cal, chemical, geological and 
biological processes that com
bine to form the many varied 
coastal environments. Particu
larly difficult is linking distur
bances in coastal systems to 

their causes since events in 
the open sea and activities on 
the land all affect the coastal 
environment. 

The programme has chosen 
thirty coastal zones for special 
study. Sites were picked to 
represent the range of ecolog
ical, economic and social si tu
a t ions found in European 
coastal zones. 

Tracing coastal history 

Many other projects outside 
this integrated programme are 
also concerned wi th coastal 
areas. One is using the 'learn
ing from the past' approach -
t racing the development of 
tidal flats and salt marshes in 
different parts of Europe using 
sediment cores. As sedimenta
tion is a slow process in such 
areas, the cores reveal 
changes that have occurred 
over shor t - term t ime scales 
(between one and 100 years) 
as well as over long-term time 
scales (centuries to millennia). 

The na tu ra l pa t te rns of 
flooding and storms that have 
been detected by analysing 
the cores provide K ^ S 
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important information for 

coastal management, espe

cially in areas which are 

threatened by erosion. And, as 

Thomas de Groot, the project 

coordinator reports, one dis

covery was rather unexpected: 

"There are clear indications 

that human activities have 

been damaging the natura 

environment since long before 

the industrial revolution. 

Human use of land since 

Roman times and especially 

since the Middle Ages has 

influenced local erosion of the 

natural environment, particu

larly in coastal dune areas. We 

Impact of coastal erosion at Fao, Portugal. 

need to take this into account 

in our studies because local 

impacts, whether natural or 

human, overprint the signs of 

most largescale climate 

changes in sediment cores. " 

The balance of living organisms 

0arine ecosystems in 

coastal areas can be 

strongly disturbed by 

human activity. One of the 

most serious problems is 

coastal eutrophication, an 

excess of nutrients in the 

water that can provoke 

uncontrol led growth of 

microorganisms. 

Regular blooms of a small 

organism called Phaeocystis 

plague a long stretch of 

European coast along the 

North Sea. Normally, this is a 

fairly harmless singlecelled 

plankton, present in relatively 

small numbers. However, 

when it has an excess of 

nutrients Phaeocystis runs 

out of contro l , forming 

blooms which dominate the 

balance of organisms in the 

entire coastal ecosystem. 

And, when the bloom reaches 

" > » ΝΑ.  E 
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An excess of nutrients has resulted in this Phaeocystis bloom. Similar blooms 

are ruining many beaches on the North Sea coast. 

a critical size, single cells The turbulence of the 

clump together to form large waves whips up the protein 

gelatinous blobs that float on producing an effect similar to 

the surface of the water, beating great volumes of egg 

releasing large amounts of whi te : lots of meringue, 

protein as they die during the Although the f roth is not 

late spring. toxic, it completely ruins the 

beach and areas badly 

affected by Phaeocystis 

blooms have experienced a 

large decrease in revenue 

from tourism. 

Researchers working within 

the ESCAPE project have 

shown that, on a global scale 

Phaeocystisdominated phy

toplankton blooms also have 

a serious impact on the envi

ronment since they are major 

sources of the volatile organic 

sulphur compound dimethyl

sulphide (DMS). DMS is the 

main natural sulphur gas 

emitted to the atmosphere 

and is thought to play a sig

nificant role in acid rain for

mation and in climate change. 

Clearly, something should be 

done to prevent Phaeocystis 

blooms and research is con

tinuing to try and work out a 

costeffective strategy. ■ 
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The treasure of marine life 
We are completely dependent on the richness of the Earth's varied ecosystems for food, energy and raw 
materials. Understanding why biodiversity is important and studying the complex relationships that make 
ocean ecosystems tick are important goals for European research. 

H onserving biodiversity 
is a high priority, but 

Iwe do not know that 
much about it. No one can 
yet explain, for example, why 
some environments support a 
much wider range of living 
organisms than others. To 
make conservation efforts 
more effective, we need to 
study the richness of life that 
exists in different ecosystems 
and to learn how this diver
sity is generated, maintained 
or lost. Ocean ecosystems, 
like those elsewhere on Earth, 
are incredibly complicated 
and so most studies of 
marine biodiversity concen
trate on one organism, using 
it as a case study. These pro
jects increase our knowledge 
of the biology of the chosen 
species and they also develop 
techniques and strategies 
that are useful for studying 
other organisms. 

The subtle 
balance between 
micro -organisms 

The living organisms in any 
ecosystem gain energy 
through the food chain. At the 
bottom of the chain, micro
organisms make their own 
food: other, larger organisms 
eat them and are, in turn, 
eaten themselves. So, if the 
population of micro-organ
isms in an ecosystem changes 
suddenly following a dramatic 
shift in water quality, the 
whole ecosystem can be 
thrown into chaos. 

This is exactly what hap
pens in a marine ecosystem 
that experiences eutrophica-
t ion. Eutrophication is an 
excess of nutrients in water-
based ecosystems, generated 
by human activity. Intensive 
farming plays some part but 
the influx of sewage and 
refuse from large urban 
developments is the cause of 
the most serious eutrophica
tion that occurs in coastal 
waters. 

The levels of inorganic 
nutrients such as ammonia, 
nitrate and phosphate deter
mine the numbers of micro
organisms that can grow in 
any aquatic system. Eutrophic 
(nutrient-rich) waters can 
support many more micro

organisms than oligotrophic 
(nutrient-poor) waters. When 
waters that are usually poor 
in nutrients are suddenly del
uged by a large quantity of 
effluent, various micro-organ
isms explode and cyanobacte-
ria, bacteria and algae can all 
'bloom'. Various species fight 
for, and achieve, dominance 
as the conditions vary wildly. 
As the blooms fade, decay of 
the dead organisms that 
caused them increases the 
nutrient content of the water 
still further, deepening the 
problem. 

The EU-funded project 
CHABADA is investigating 
how eutrophication in the 
normally nutrient-poor waters 
of the Mediterranean affects 

bacterial populations. The 
team involved in the project 
have sampled the bacteria 
present in the water before 
and after simulating the 
effects of nutrient pollution. 
To date, about 600 strains 
have been isolated and about 
60% of these have been cul
tured for further study. Using 
molecular techniques, the 
team has shown that two 
groups of bacteria are domi
nant in eutrophic waters, irre
spective of the cause of the 
eutrophication. Later phases 
of the project will find out 
more about them. 

Another project, NUTOX, is 
studying how an imbalance of 
nutrients along the coastal 
areas of the Baltic Sea and 
the Atlantic Ocean can allow 
harmful phytoplankton species 
to dominate and release tox
ins that can damage commu
nities normally present in the 
ecosystem. 

The secret sex-life 
of seaweed 

Another key primary pro
ducer in marine ecosystems is 
the seaweed, which grows on 
the coastal shelf. Seaweeds 
are used by humans for food 
and in other products such as 
garden fertiliser and the gel 
called 'agar'. This is used as a 
food additive and also as the 
thickening agent in the gel 
used to culture bacteria in 
laboratories and hospitals 
worldwide. 
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The BIOGAP project is 

studying three different sea

weed populations using tech

niques that are a mixture of 

ecology and genetics to find 

out more about their biology 

and to assess how well they 

stand up to harvesting. Chris 

Gliddon of BIOGAP explains, 

"Sea weeds with a range sex

ual habits were chosen so that 

our studies would be as widely 

applicable as possible." One 

reproduces in the same way as 

singlecelled algae, one repro

duces in the same way as a 

higher plant and the third one 

is a sort of mixture of the 

two; for part of its life cycle it 

looks like a seaweed but it 

produces small, plankton like 

organisms that float off to 

colonise other areas of coast. 

Kingdom of 
the periwinkle 

To many of us, the periwin

kle might not seem the most 

exciting of marine organisms. 

But it was chosen by scientists 

from the project AMBIOS 

because it is an ideal subject 

for a biodiversity study. The 

rocky intert idal habitat in 

which the periwinkle lives has 

a pronounced environmental 

gradient. The lower levels of 

the habitat are usually com

pletely submerged, even at 

low tide, whilst the upper lev

els are always above the 

water. Conditions in the mid

dle levels change as the tide 

goes in and out. This provides 

several completely different 

and, at the same time, contin

ually changing physical envi

ronments within the same 

ecosystem. 

Such an environment cre

ates the selection pressure 

necessary to generate a high 

level of biodiversity and this is 

seen in the periwinkle at two 

different levels. Firstly, peri

winkles classified together 

within the same species still 

show plenty of variation in 

characteristics such as shell 

shape, shell colour and, 

believe it or not, penis shape. 

Secondly, new variants of the 

periwinkle are arising all the 

time, leading eventually to 

the development of new, sep

arate species. 

AMBIOS is using a range of 

different scientific methods to 

investigate periwinkle diver

sity at both levels and to pro

duce a comprehensive picture 

of how biodiversity develops 

in such a dynamic environ

ment. Results to date are 

looking good; many of the 

sampling tasks have been 

completed and genetic analy

sis of the different species 

and subtypes obtained is well 

underway. One species has 

even been identif ied as a 

potentially useful 'sentinel' 

species for detecting effects 

of heavymetal pollution in 

coastal ecosystems. ■ 

Periwinkles living at different levels of 
rocky intertidal habitats have been 
chosen by scientists from the AMBIOS 
project to produce a comprehensive 
picture of how biodiversity develops in 
such a dynamic environment. 

Blue Europe 

There has been a common 

European policy on fishing 

and aquaculture since 

1983. But the manage

ment of this "Blue 

Europe", which is of such 

vital importance to our 

coastal regions, requires 

us to face up to a number 

of challenges. 

Conserving fish stocks means taking steps to counter the very real 

threat of overfishing, while at the same time limiting the effects 

of fishing on marine ecosystems. Since the beginning of the last 

decade, researchers supported by the European Union have worked 

hard to provide a sound basis for the management of Europe's fish 

stocks and to determine the interdependency between them and 

the ecosystems they belong to. 

A lot of research work has also gone into promoting aquaculture, 

an activity with good growth potential in several EU countries, but 

one subject to health, environmental, and climatic constraints. Sci

entific knowledge in this area must therefore be built up rapidly. 

Many European projects are also working on technologies to 

improve the quality and efficiency  and thus profitability  of sea

produce processing industries. Finally, in addition to all this 

research in the fields of biology and technology, the EU is also sup

porting a socioeconomic study of certain fishing industries that 

could help revitalise the sector. 
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Exploring the depths 

30 

The chasms and trenches of the great oceans are mostly unexplored territory. Research is only just beginning 
to uncover some of the secrets that lurk in their mysterious abyssal depths. 

H ot stuff A sub-ocean 
pharmacy? 

Deep-sea hydrother
mal (hot water) vents have 
generated much research 
interest recently. They 
were d iscovered in 
1977 and are now 
known to occur in 
many places on the 
ocean f l oo r . A ven t 
opens where the Earth's 
crust is uns tab le . As 
cracks form, seawater seeps 
down into the hot rock and is 
then expelled again as the tem
perature inside the vent causes it to 
boi l . The temperature around such a 
crack can be as high as 420°C. Small 
particles and hot water enriched w i th 
minerals from the rock spew out of the 
vent , making the sur round ing water 
highly toxic. 

Researchers worldwide have therefore 
been very surprised to find that these hot 
and poisonous environments are teeming 
with life - very odd life. 300 new species 
have been found in hydrothermal vents 
since 1977. The ecosystems are based 
around bacteria, which use hydrogen sul
phide and the heat f rom the vent to 
bui ld complex food molecules. These 
bacteria are the energy source for all 
other organisms living nearby. 

Some vent organisms just eat bacteria 
to get their energy, but there are also 
wierd vent worms t h a t have a more 
unconventional approach. They have no 
gut or digestive system. Instead they are 
f i l led w i th living bacteria which pack 
their tissues (every gram of worm con
ta ins 10 b i l l ion bacter ia) and supply 
them w i t h all the food they need. In 
return, the worm's blood supplies the 
huge bacterial colony with all the hydro
gen sulphide it needs. 

Extreme deep-sea hydrothermal environments are caused by underwater 
vents that open in the Earth's crust. Researchers worldwide have been 

very surprised to find that these hot and highly toxic waters are teeming 
with very odd forms of life. Some of the micro-organisms 

present could be sources of valuable biochemicals. 

The European project AMORES is being 
c o - o r d i n a t e d by sc ien t is ts who are 
intrigued by this strange environment. 
Not only are the studies very valuable 
because they increase our knowledge of cer substances and secreted sugars. 

Other European 
researchers are investi
gating micro-organisms 
tha t l ive in deep-sea 
vents and marine hot 
spr ings as po ten t i a l 
sources of valuable bio
chemicals. Thermophilic 
bacteria produce com
pounds and enzymes 
wi th unique properties 
since they must remain 
active at the high tem
peratures at which the 
organism lives. Screen
ing mar ine m i c r o 
organisms known f irst 

for their environmental potent ia l has 
found some interesting biological mole
cules including unusual enzymes, an t i 
biotics, anti-algal compounds, anti-can-

the natural world, but there might also 
be an important practical consideration. 
The bacteria that can thrive around a 
hydrothermal vent could be used to solve 
pollution problems closer to home since 
the cond i t i ons created near to a 
hydrothermal vent - no oxygen, high lev
els of hydrogen sulphide and high con
centrations of heavy metals - are the 
very conditions that are often found in 
the polluted coastal waters of Europe. 

AMORES is studying four contrasting 
hyd ro the rma l f ie lds in the A t l a n t i c 
Ocean to find out how heat and matter 
are dispersed in to the A t lan t i c . It is 
using large surface ships combined with 
sma l le r submers ib les fo r deep-sea 
invest igat ions to col lect in fo rmat ion 
a b o u t the phys ica l and chemica l 
processes that occur around hydrother
mal vents and to ident i fy potent ia l ly 
useful bacterial species. 

Cold stuff: underwater 
avalanches 

The physical nature of the seabed is 
also of great interest, part icularly the 
large-scale sedimentation processes that 
occur at the margins between coastal 
areas and the deep sea. One area of study 
in the ENAM project is the European 
North Atlantic margin between the Nor
wegian margin and the Celtic Sea. Scien
tists from ENAM 2 are studying sedimen
tation patterns from the shelf edge, down 
through the continental slope and finally 
into the deep-sea trench of the North 
Atlantic. 

This area is known to oil companies for 
its potential as a rich field of oil and nat
ural gas and many intend, in the future, 
to build rigs here. But there is a problem. 
In the deepest trenches of the ocean, the 
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water is very cold and gas hydrates (ice

like crystals) form jus t above the sea 

f loor . Oceanic gas hydrates are now 

recognised as a major, l i tt le understood 

hazard that can threaten the stability of 

rigs in deep water oil fields. The stability 

of gas hydrates depends on the tempera

ture and pressure cond i t i ons on the 

seabed. The recent increase in global 

temperature has caused changes in sea 

levels that have increased the instability 

of gas hydrates, making the whole of the 

ocean floor much more liable to shifting 

and s l i d i n g . Large underwa te r 

'avalanches' called 'mass wasting events' 

are increasingly common (see figure). In a 

single event, an enormous volume of sed

iment can s l ide, l ike an underwate r 

avalanche, from the top of the margin 

into the deepest part of the trench. 

Jürgen Mienert, coordinator of ENAM 

II says, "Our work is p rov id ing new 

insights into the different sedimentary 

processes that shape the sea bed of the 

North At lant ic margin. We hope to be 

able to understand better the variations 

that occur at the shelf edge and on the 

continental slope and to develop com

puter models to help us work out which 

areas are the most stable. This part of the 

project is obviously generating a lot of 

interest in the oil industry." ■ 

The depths of the North Atlantic ore rich in as yet 

unexploited oil but the sea floor is prone to 

instabilities under some physical conditions. 

In the ENAM2 project, European researchers 

are studying underwater "avalanches" that cause 

sediments to slide down the continental 

shelf and could make oil exploitation unsafe. 

Deepsea technology 

Exploring the waters of the deep oceans and the features on and below the seabed cannot 

be done without highly specialised equipment. New technology is needed to enable 

researchers to study the often dangerous environment of the seabed. Many projects sup

ported by the European Commission MAST programme (Marine Science and Technology) are 

developing technology in this area, as are a large number of EUREKA projects, coordinated 

under the EUROMAR umbrella. Here are just four examples. 

31 

AUPOR Project - This automatic lander 

can sink to the sea floor under its own 

weight and then conduct experiments, 

gather data and return to the surface 

when finished. 

The EUROMAR project ROMAN has 

developed a heavy duty deep-sea robot 

that can carry out heavy jobs at great 

depths, taking over tasks that are too 

dangerous for human divers. 

SIRENE is a remote-controlled-carrier, which 

can position underwater laboratories with 

extreme precision at depths of up to 6000 

metres using advanced tele-acoustic 

communication. 

AMADEUS is a research programme to improve 

the dexterity and sensory ability of remote-

controlled underwater manipulation systems. 

This final prototype should be able to sample 

organisms, sediment and rocks with extreme 

accuracy. 
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The maritime superhighway 
Global trade and travel continues to increase and traffic on the oceans is busier than ever. Europe's newest 
marine transport technology is developing the marine superhighway as an environmentally-friendly and 
efficient part of the world's transportsystem. 

H new generation 
of high speed ships 

Today there is a general need to trans
port passengers, cars and cargo by sea 
using methods that are safe, fast and 
cos t -e f fec t i ve . European research is 
developing new types of ship to fulf i l this 
demand. The newest high-speed 
vessels are Surface Effect 
Ships, i.e. tha t l i f t up away 
f rom the water , as wel l 
pushing their way through 
it. Until very recently, the 
only SES were small and 
medium size hydrofoils or 
hydroplanes used for mi l i 
tary and passenger t rans
port but a potentially large 
f u t u r e market fo r much 
larger SES has prompted 
new European projects to 
develop them. 

future trend in medium and large SES 
vessels. SESLAB can simulate a length 
range between 65 and 160 metres, a dis
p lacement range between 500 and 
5000 tons and a speed range between 
40 and 70 knots (75 to 130 km/h). Each 
size of ship can be assessed for perfor
mance (power/speed), manoeuvrabil i ty 

and to see how 
we l l i t 

Scaling up SES is actually 
quite d i f f icu l t . Many of the 
f i na l stages of design and 
development need to be done 
using a prototype, and building full 
scale working prototypes of large ves
sels is usually prohibitively expensive. For 
SES, this problem has been circumvented 
by SESLAB: a ship-sized SES prototype 
that is flexible enough to be used as a 
tool to test a whole family of SES ships. 

In the study, a modified full scale ship 
has been built to act as an experimental 
model that can be used at all stages in 
the design process to obtain the neces
sary data and experience to overcome 
every technical or design problem imag
inable. SESLAB will be used to design a 
range of large SES. The target family cov
ers a wide range of sizes and perfor
mances, which reflect the present and 

The ARCDEV expedition will demonstrate thatitissafe to 
transport oil products from the Siberian Arctic regions to the 

western European market through a Short Sea Shipping 
corridor opened by two Russian icebreakers. 

The Finnish oil product carrier MA "Uikku " will test 
new technology that has been developed to load 

liquid oil products at -30X. 

stands up to sailing in rough seas. No 
other prototypes will be necessary before 
final building goes ahead. 

With top speeds of 40-70 knots, SES 
are fast, but they are likely not to be the 
fastest vessels on the high seas. Another 
European project. SEABUS-HYDAER is 
developing a completely new concept in 
marine t ransport : a hybrid between a 
plane and a ship. Although Seabus never 
leaves the water, most of its lift power is 
provided by the wings. This gives it the 
capacity to travel very fast. Ferries cur

rently in use have top speed of about 
40 knots; Seabus beats this hands down, 
achieving around 120 knots (220 km/h) 
whilst using 20% less fuel. 

A sea corridor 
between Russia and Europe 

Some parts of the world are still d i f f i 
cult to reach. The area around the Ob 

Siberia - the site of 25% of the 
oil products - is one of them, 
the oil products out by sea has 

Iways been considered a bad idea 
jecause of the appalling weather 

conditions that are typical of a 
Siberian winter. Instead, trade 

has depended on a pipeline 
system, wh ich runs 
through the permafrost 

area of Russia. In such an 
inhospitable environment, 

maintaining the system is 
next to impossible and a sig

n i f i can t part of the t ranspor ted 
material is lost through leaking pipes. 

Russia is now working with countries 
from the European Union to look for a 
more effective and environmental ly 
acceptable solution. The research pro

ject ARCDEV is investigating how safe 
and cost effective it would be to trans
port these important oil products through 
a Short Sea Shipping corridor from the 
Arctic regions of Russia to the western 
European market, bringing the Ob River 
within range of European strategic trade 
interests all year round. 

The project is based around a fu l ly 
operational voyage to the Siberian oil 
reserves area in the worst of the winter 
cond i t i ons . The ARCDEV exped i t i on , 
which is supported by the Ministries of 
Transport in Finland and Russia, involves 
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SEABUSHYDAER is developing a completely new and 
futuristic concept in marine transport  a hybrid between 
a plane and a ship. This revolutionary new vessel will 
achieve a top speed of around 120 knots (220 km/h). 

ami·« 

many industries and research institutes 

from all over Europe and Russia, includ

ing large companies in the petroleum, 

shipbuilding and ship supply industries. 

This will be the last joint EuroRussian 

expedition to the Arctic before the end of 

the millennium. Four different vessels are 

participating: one nuclear Russian ice

breaker, one conventional Russian ice

breaker and two oil product carriers, one 

from the Finnish company Neste and one 

from Russia. 

As well as developing the sea corridor 

as a fully operational, environmentally 

friendly alternative to the pipeline sys

tem, the ships involved will also act as 

mobile laboratories. In particular, the 

demonstrator  the oil product carrier, 

M/T "Uikku" from Neste Shipping  will 

test new technology and equipment 

developed to load liquid oil products in 

temperatures as low as 30 °C. 

Several other European projects are 

hitching a ride with the ARCDEV expedi

tion to test out their developments dur

ing a real voyage. One of these is the 

Voyage Data Recorder developed by the 

Maritime Black Box project. Catastrophes 

at sea can result in loss of human life and 

severe damage to the environment. If, in 

the future, all ships carry electronic auto

matic incident data recording systems 

(similar to the obligatory Black Box 

installed on all aeroplanes) it should be 

easier to find out the cause of accidents 

at sea and to prevent similar tragedies in 

the future. This device complies with 

standards recommended by the Interna

tional Maritime Organisation that come 

into force on January 1st, 2001. ■ 

Learning to communicate 

Good communication at sea can mean the difference between life and death. People 

from many different nationalities work together, often in difficult conditions, and misun

derstandings can and do arise. Many EUfunded projects aim to overcome this potential 

threat to human safety and to the environment. 

MARCOM, for example, is looking at the impact of multicultural and multilingual crews 

on maritime communications. This project aims to enhance safety and efficiency on 

ships, particularly those operated by multiEuropean crews, by developing: 

• verbal and non verbal tools for communication; 

• training packages to extend communication skills; 

• a pilot syllabus for teaching maritime English; 

• clear instructions of the language that should be used in emergencies; 

• improved manuals and other printed instructions on board; 

• guidelines to help crews avoid crosscultural tensions. 

Many other European projects are using training programmes of all kinds to enhance 

skills of workers within the maritime industry. Some projects assess the future technical 

skills that workers will need, some look at how training programmes can be implemented 

and others identify deficiencies in current programmes. Others develop distance learning 

and online access to information to ensure greater consistency and to allow more work

ers to participate. 

Ongoing training improves communication and personal safety and encourages prac

tices that are environmentallyfriendly. It also allows workers to obtain the further 

qualifications and skills that enable them to maintain a sense of progression throughout 

their working life. 

I 
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The Four Seas of Europe 
Millions of people are dependent on the stressed waters of the Mediterranean, the Baltic, the North Sea and 

the Black Sea. The whole of Europe must share the responsibility for preserving them for future generations. 

The Sunny Mediterranean 

ι ith its golden beaches 

and blue waters and 

| skies, the Mediterranean 

is one of the most attractive 

seas in the world. Its waters 

are also vital to the economies 

of 20 European countries, sup

porting tourism and a whole 

range of other industries. Since 

1988, Europe has been funding 

a coherent effort to under

stand this complex sea. The 

EROS 2000 project in the 

Western Mediterranean, which 

ran from 1988 until 1995, pro

vided a great deal of important 

information on water circula

tion patterns and pollution lev

els in the Mediterranean. The 

Mediterranean Targeted Pro

ject (MTP), currently the 

largest multidisciplinary 

research project covering both 

the Western and Eastern areas 

of this sea, was established by 

the European Commission in 

1993. MTP is a major European 

effort to understand the 

Mediterranean better and to 

identify the human activities 

that have the potential to 

cause serious damage to its 

delicate systems. 

MTP's pilot phase (1993 to 

1996) brought scientists from 

different countries together in 

a closeknit team. This active 

cooperation paid dividends 

and in just three years the pro

ject made significant scientific 

progress. The second phase 

started in 1996 and runs until 

1999. MTPII is building on the 

solid foundations of MTPI and 

is taking cooperation to even 

greater heights, gathering 

together 54 research groups 

from 13 EU countries and 3 

nonEU countries (Switzerland, 

Morocco, Tunisia). 

Small changes, 
serious consequences 

MTP has discovered that the 

temperature of deep water in 

the Western Mediterranean 

basin has risen by 0.13°C dur

ing the last forty years. This 

might not seem very much but, 

in geophysical terms, this is a 

large increase in a very short 

time. Scientists throughout 

Europe believe that it is 

another serious indication that 

the global environment is 

changing in response to our 

urban and industrial activities. 

MTP's most recent findings 

suggest that the rise in salt 

concentration detected during 

the same period is no less 

important and that this too 

could be our fault. Construc

tion of key dams, notably the 

Aswan High Dam on the Nile 

and the dam on the Ebro in 

Spain, has cut the flow of fresh 

water into the Mediterranean 

over the last 50 years. This has 

led to a general increase in its 

salinity. Because salty water is 

more dense than fresh water, 

this has altered circulation 

patterns within the main 

waters of the Mediterranean 

and also between the Mediter

ranean and the Atlantic Ocean. 

One of the most important 

currents that is being affected 

is a plume of salty water that 

leaves the Mediterranean Sea 

at the Straits of Gibraltar. This 

flows west and helps shape the 

course of the Gulf Stream that 

warms the climate of Europe. 

As water inside the Mediter

ranean becomes more salty, so 

does this plume, but the long

term consequences of this are 

proving difficult to predict. It 

might deflect the Gulf Stream 

west, producing a drastic cool

ing of the climate of northern 

Europe or it might push the 

Gulf Stream east, making the 

climate much warmer. Euro

pean researchers cannot yet 

say which scenario is more 

likely, and all are redoubling 

their efforts to achieve more 

accurate forecasts. 

Sound science 
means sound policies 

Growing industries and 

intensive farming methods 

have also taken their toll on 

the Mediterranean, causing an 

increase in eutrophication that 

has produced largescale algal 

blooms. These have led to seri

ous problems for tourism in 

some areas, as well as disrupt

ing the natural balance of the 

marine ecosystem. Research is 

helping governments to control 

what is put into the sea and 

scientists expect to see some 

improvements in the next few 

years. Work done in the MTP 

Project, for example, showed 

that the European regulations 

on lead additives in petrol were 

effective: lead levels fell from 

1990, and should continue to 

fall further. ■ 
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The Atlantic Ocean 

meets the North Sea 

Caulerpa taxifolia, the "killing seaweed", has disrupted the natural balance of 

the marine ecosystem of the Mediterranean and led to serious problems 

for tourism along some coasts. Its massive development is the result of an 

increase in eutrophication caused by industrial growth and intensive farming 

methods. 

The Baltic Sea: 
past, present and future 

Although most projects within MTP concentrate their research 

efforts on the waters of the Mediterranean, some follow what hap

pens to the water that flows out into the Atlantic and then up into 

the North Sea. Other projects outside MTP overlap and then extend 

their area of study to ensure that we build up a complete picture of 

the oceans. 

At the Straits of Gibraltar, water from the Mediterranean, 

and also from the African and Iberian coasts, mixes into the 

main body of water to give the North Sea/Eastern Atlantic 

area its unique characteristics. Changes in currents that could 

affect this process are being studied by the CANI60 project 

One European project that provides a perfect complement to MTP 

is CANIGO. This regional sea project looks at how water from the 

Mediterranean, and also from the African and Iberian coasts, mixes 

into the main body of water to give the North Sea/Eastern Atlantic 

area its unique characteristics. Water circulation patterns here are 

important for two reasons. Firstly, they influence the Gulf Stream 

and its role in world climate and, secondly, the turbulent waters of 

the African and Iberian coasts provide an ideal site for the vigorous 

plankton growth that sustains many economically important fish 

populations. Of course, water mixing is not the whole story and the 

45 research labs involved in CANIGO provide the breadth of exper

tise needed to tackle detailed studies of the individual creatures 

and processes that contribute to the finely balanced biology and 

chemistry of the Atlantic. 

Hnlike the Mediterranean, 

the Baltic Sea is one of 

the most carefully stud

ied marine ecosystems. Ongo

ing European research projects 

here therefore tend to build on 

previous research to fill specific 

gaps in our knowledge. In par

t icular, current projects are 

concentrat ing on processes 

which, when we understand 

more about them, will help us 

develop more accurate models 

for predicting how the Baltic 

system w i l l change in the 

future. 

BASYS aims to understand 

the external factors, both nat

ural and human in origin, that 

will cause these changes. This 

is an ambitious project that 

uses a systemic approach to 

study the physics, chemistry, 

biology and geology of the 

whole Baltic Sea in all possible 

time scales. This means looking 

at all the processes that go on 

in the sea using historical data, 

using field research to collect 

new information on the current 

state of the waters and pre

d ic t ing fu ture events using 

sophisticated computer models. 

Another impor tan t Balt ic 

project that aims to predict the 

future is POPCYLING. Scientists 

from 7 EU countries are devel

oping a multimedia model to 

study the fate and behaviour of 

POPs  Persistent Organic Pol

lutants  in the Baltic Region. 

In the Bal t ic Basin Case 

Study, researchers are concen

trating on the socioeconomic 

aspects of environmental sys

tems in coastal regions. The 

research, due to be completed 

in 1999, is building an informa

tion base which describes the 

natural resources of the Baltic 

Basin. This will be used to help 

develop more sustainable 

methods of exploit ing those 

resources that will encourage 

economic g rowth w i t h o u t 

damaging the environment. A 

few key ecosystems have been 

chosen as sites for study by 

resource managers, decision 

makers and citizens' groups, as 

well as scientists. ■ 
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Better days for the Black Sea m 
ζ 

Ó 

Π 
he coasts around the 

Black Sea have sup

ported human set t le

ments for thousands of years. 

For thousands of years differ

en t c i v i l i s a t i o n s have 

depended on the rich diver

sity of plant and animal life 

in the sea and on the fertile 

soi ls on i ts coasts . The 

human p o p u l a t i o n has 

increased s tead i l y du r i ng 

that time but i t is only in the 

last 40 years that the Black 

Sea has become unable to 

cope with our demands on it. 

Urban and i n d u s t r i a l 

d e v e l o p m e n t has poured 

increasing amounts of waste 

into the rivers leading into 

the Black Sea and into the 

seawater itself. By the early 

1990s the Black Sea was in 

the grip of an extreme envi

ronmenta l crisis. N i t rogen, 

phosphorus and pesticides, 

added to agr icu l tura l land, 

were present at ext remely 

high concent ra t ions. These 

excess nutr ients were caus

ing massive blooms of micro

o rgan isms . Heavy meta ls 

were building up as a result 

o f u n r e s t r i c t e d i n d u s t r i a l 

output in eastern and central 

European countr ies and oil 

pollution and pesticide cont

amination was at an all t ime 

high. 

The combined effect of this 

mass off loading had a dev

as ta t ing e f fec t on ecosys

tems in the area. The fishing 

i n d u s t r y co l lapsed c o m 

pletely: fish populations were 

unable to survive the great 

change in c o n d i t i o n s and 

this, combined with overfish

ing, reduced their numbers to 

practically zero. A species of 

jel lyf ish, introduced into the 

area accidentally, soon mul 

t ip l ied to f i l l the ecological 

niche that was left. Frequent 

outbreaks of serious water

borne diseases such as 

cho le ra and h e p a t i t i s A 

occurred in coastal areas and 

the re were numerous ho t 

spots of very high levels of 

heavymetal contamination 

so high t h a t inves t iga to rs 

checked their instruments for 

fau l t s when they f i r s t saw 

the readings. 

When po l i t i ca l events in 

central and eastern Europe 

led to economic collapse this 

proved to be a turning point 

fo r the Black Sea. A new 

spirit of cooperation devel

oped in the months that fo l 

lowed and scientists from the 

European Un ion were 

allowed to see the extent of 

the env i ronmenta l t ragedy 

for the first t ime in 1993. All 

agreed that everything possi

ble should be done to return 

the Black Sea to its former 

glory. 

Coping with such an enor

mous disaster is not easy, but 

progress is being made. Sci

entists from EROS, one of the 

major European projects ded

icated to the task, began by 

studying exact ly what had 

happened to the ecosystem 

whilst monitoring what was 

st i l l happening. As i t turns 

out , th is was probably the 

very best course of act ion 

because the la test resul ts 

f rom EROS show t h a t the 

Black Sea is showing a great 

capacity to recover naturally. 

When resu l ts taken in 

Spring 1997 were compared 

to those from the 1995 EROS 

cruise, there were some very 

pos i t i ve signs t h a t the 

ecosystem was regenerating. 

Oxygen concentrations in the 

A sea under stress 

water at the upper levels had 

improved considerably. Some 

species of p l ank ton and 

inver tebra tes , wh ich were 

t h o u g h t to have become 

extinct, were again common. 

Jel ly f ish numbers had s ta 

bilised whi le the number of 

anchovy eggs and larvae had 

increased. Now, on the solid 

basis of sound scientific data, 

we are taking more steps to 

help the Black Sea. For 

example, governments are 

working together to ensure 

that, by the end of 2000, all 

Black Sea discharges wil l be 

regulated through nat ional 

licensing systems. ■ 

• Waste from 17 countries drains into 

the waters of the Black Sea 

• Almost two thirds of the nitrogen and 

phosphorus in the seawater comes in 

from the Danube basin 

• Over 10 million people are connected 

to sewage systems in the Black Sea 

Coastal region 

• 111 000 tons of oil enters the Black 

Sea each year from transport of oil 

through the Danube. 

Over 10 million people are 

connected to sewage systems 

in the Black Sea Coastal 

region. 
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