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SYNOPSIS

Research and Development is considered today the prime motor 
of technological innovation which, in turn is basic to 
economic growth. In the industrialised countries some 
fundamental changes have been taking place in the way R&D is 
financed and organised.

The cost of R&D in high technology is so high and the 
risk is so great that not even the mightiest company can 
afford to undertake it on its own. Over 50 percent fo all 
R&D in high technology in the developed world is paid for, 
in one form or another, by Governments. In most cases, 
however, not even the combined efforts of private and public 
sector are sufficient to make high technology projects 
competitive, on world markets. Hence new forms of 
international, public/private cooperation are emerging, such 
as the EUREKA, EUROMAR, or ESPRIT projects in Western 
Europe.

What is remarkable about this development is that the 
Third World is completely excluded from it, and thus the R&D 
gap —  the worst of all development gaps —  between North 
and South is rapidly widening.

This paper attempts a brief analysis of the role of R&D 
and the way it is managed in the North, in the context of 
technological change and the challenges of the Service 
Economy. It becomes evident that the traditional concept of 
"technology transfer’’ is no longer useful in this new 
context. What is proposed, instead, is a more dynamic 
concept, that of "joint technolgy development" or 
"co-development of technology." The United Nations 
Convention on the Law of the Sea, 1982, is seen as offering 
the most advanced framework the realisation of this concept, 
and two case studies are presented: a proposal for a 
Mediterranean Centre for R&D in Marine Industrial 
Technology, already on the drawing boards of Mediterranean 
Governments and intergovernmental institutions (UNEP, UNIDO,
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the U.N. Secretariat) , and a proposal for an "International 
Venture," proposed by the Delegation of Colombia, for the 
internationalisation of exploration, training and R&D in 
seabed mining technology in the context of the Preparatory 
Commission for the International Seabed Authority and for 
the International Tribunal for the Law of the Sea (the 
Jamaica Commission).

In conclusion it is pointed out that such developments 
are beneficial both to the industrialised countries —  
through still wider cost and risk sharing and the expansion 
of markets —  and to the nonindustria1ised countries —  by 
reducing the cost of access to technology, generating 
technologies that are. more "appropriate," and offering the 
most cost-effective training opportunities through learning 
by doing. Potentially, they could contribute not only to 
industrial development, but, at the same time, to a sound 
environmental policy and to the strengthening of peace.
Since technologies developed jointly, obviously are also 
owned jointly, technology co-development would provide a 
framework for the application of the principle of the Common 
Heritage of Mankind, not to existing technology, already 
patented and "owned," but to future technology, to be 
developed jointly, internationally, and for peaceful 
purposes.
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economy is fully mature; and, secondly, the medium, water,is 
different from land:In the oceans, everything flows; every 
activity directly affescts every other actiity; every 
geographic ocean area interacts with the world ocean as a 
whole. In the oceans, we simply cannot build an economy, if 
we, at the same time, kill the environment which includes 
the resource. We must, from the beginning integrate economy 
and ecology in a new way: Or otherwise there simply will be 
no ocean economy: Tourism will die; fisheries will die; 
aquaculture will not take off; the world climate will be 
affected negatively; human health will be impaired. The 
economic balance sheet will shouc: "Bankruptcy" as loudly as 
the ecological balance sheet.

Thus the single-minded, narrow, and short-term goal of 
maximizing profits no longer works. It clearly needs to be 
integrated with longer-term and public-interest 
considerations. I think we all agree on that —  including 
even the most hard-nosed advocate of "privatization."

But if public and private goals need to be integrated, 
this will have some institutional implications, about which 
most people have as yet not thought that much, and to which 
we shall return at the end of these remakrs today.

Well, in this crisis we are all together: East and 
West, developed and developing countries, and thus it is in
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our own best interest to do whatever we can to make sure 
that everbody else knows the rules of the new game.

For this we need information, and you have asked me 
today to talk about the information needs of developing 
countries.

Well, I have just returned from a region of developing 
countries, Ghana, in West Africa —  a beautiful country with 
a great tradition in fisheries; with an impressive 
University campus,where we had a conference in which a 
number of West African countries participated. And we were 
talking about marine resource management and how to benefit 
from the new ocean regime generated by the United Nations 
Convention on the Law of the Sea.

The telephons did not work. They had not qorked for 
years, (one thing I noted was the intensity of the 
automobile traffic; I was told that was because the 
telephones were down: you could not call: you had to go if 
you wanted to tell anybody anything); the Conference 
documents were typed on stencils on very very old manual 
typewriters and reproduced on manual rotary printers the way 
we did it half a century ago. Forget about fax.

Offshore, Europeans or others might be dumping highly 
toxic wastes, as they had just done in Nigeria —  and nobody
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would even know about it because there was absolutely no way 
of gathering that information by monitoring and 
surve i1lance.

Foreign ships might be fishing out there too: Who could
tell.

Foreign countries may have gathered intelligence about 
the mineral resources in their economic zones; and they 
would not even know it.

Obviously what these countries need is an upgrading of 
their technologies to cope with the problems of exploring 
and exploiting their resources, monitor activities in the 
area, and enforce their sovereign rights against foreigners. 
And marine industrial technology today, note well, is high 
technology. He who whould ignore the impact o new materials 
technology on practically everything we build and utilize in 
the oceans; of genetic engineering on aquaculture and even 
on metal processing and environmental protection; of lasers 
on deep-sea exploration, and, of course, of micro
electronics and information technology on absolutely 
everything, would be pretty well out of the race before even 
starting it.

"Technology Transfer" would have to take place, and I 
would like to spend a few minutes on this subject, because
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it includes all we want to know about "information 
requirements." As you all know "information" today is a 
crucial factor in technology development. I think as much as 
60 percent of investments in R&D go to "information 
technologies" including, of course, computers, hardware 
software, data bases, etc. Above all, however, it is the 
development of human resources, it is "training" that is of 
absolutely fundamental importance for the absorption of 
information. And, over-all, the proportion of money spent on 
R&D, including the development of human resources, in the 
total budget of an industrial enterprise, has grown quite 
remarkably. It is today the basis of technological 
innovation which is the basis of economic growth. And that, 
of course, goes for the developing countries as it goes for 
the industrialised countries, even though they are dismally 
far behind in this respect, and this, of course, is the main 
reason why the development gap, the technology gap, is 
growing.

Most developing countries have too little critical mass 
to cope with these problems individually. The only way they 
can face them with any hope of success is through regional 
cooperation.

And recently there have been a number of encouraging 
developments in this respect.
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One of my organist ions, ICOD, is going into this area now on 
a rather large scale. You may hve read in the papers just 
about a month ago that ICOD is assisting the South Pacific 
Islands with the establishment of a Regional Ocean 
Information System. The south Pacific Island states are in 
fact engaged in an ambitious project to create a regional 
system of ocean-related information. This new system,
Pacific Islands Marine Resources Information System (PIMRIS) 
will create a network of information centres in Suva,
Honiara and Noumea. As one of the experts of the region put 
it, rather joyfully, "Our researchers and decision-makers 
will soon gain instant access to vital marine information 
related to fisheries and offshore minerals. Managing this 
kind of information is a major step in managing the 
resources themselves."

My other institution, the International Ocean 
Institute, has initiated a programme for the establishment 
of Regional Centres for R&D in Marine Industrial Technology. 
We have started with a pilot project in the Mediterranean, 
which has taken off and is now dealt with at the 
intergovernmental level. There will be a series of meetings 
next year to get it done.

We have based our feasibility study on the most 
advanced concepts of industrial scientific cooperation, as 
exemplified by the European systems of R&D in high
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technology (EUREKA, ESPRIT, etc.) where public sector and 
private, sector cooperate at the international level and in 
the framework of international organisation.

And this takes me back to my earlier remarks: If indeed 
we need a new synthesis between more narrowly defined 
commercial interests and longer-term public-interest 
considerations, including the protection of the environment, 
this should reflect itself in new forms of public-private 
cooperation and organisation. And this is, I think, what we. 
already are seeing happening everywhere: based on the fact 
that R&D in high technology is so costly and so risky that 
the private sector alone can no longer handle it, and that 
in all industrialized countries, R&D in high technology is 
largely borne by the. State. Given the importance of R&D in 
the entire industrial enterprise, this ongoing 
transformation of the R&D sector will undoubtedly impact on 
the. whole system.

R&D, in our Regional Centres, then should be financed 
half by industry, for whom this offers an obvious advantage, 
and half by Governments and international funding agencies, 
and these latter should pay for the participation of 
technicians and engineers from developing countries.

such
We now intend to 
Centres in other

make similar feasibility studies for 
oceanic regions: the. Caribbean, the.
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Indian Ocean, the South Pacific, West Africa. The 
establishment of such Centres, incidentally, is mandated by 
the U.N .Convention on the Law of the Sea, and we hope that 
this will be one way of assisting developing countries to 
meet their information needs.

Business has a great stake in the expansion of our 
economic system into the oceans. But it can benefit from 
this unique opportunity only if it adapts to the uniqueness 
and novelty of the situation. "Privatisation", I am afraid, 
is not the answer. New forms of industrial/scientific 
cooperation between the public and the private sector, at 
the international level, is the answer.
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„ Research; and

- Environment.

The one I mentioned, somewhat myster ious ly ,  as "plus one" i s  the 

Future.

Let me deal  with each one o f  them s e p a ra t e ly ,  although they  

a r e  in e x t r i c a b ly  in te r l inked .  In conclusion Ï will  t r y  to  come up with 

some p r a c t i c a l  sugges t ions .

1. Education has been in c r i s i s  f o r  at l e a s t  ha l f  a cen tury :  

d is rupted  by World War II; debased by fascism; s t ra in ed  by the  new 

phase o f  the in du s t r ia l  r e v o lu t ion  and the changes  th is  en ta i led  in 

the labour market, in the family; o v e r ta x e d  by the need o f  

accommodating l a r g e r  and l a r g e r  number o f  s tudents ,  o f  pass ing  

from e l i t e  educat ion to  mass education;  d i s t o r t e d  by the  in trus ion  

o f  the mass media; f in a l l y ,  cha l lenged  by the rap id  pace  o f  

s c i e n t i f i c  r e s e a r c h  and d i s c o v e r y .

Education, c e r ta in l y ,  i s  not today  what it  was when I went to

school.



this , however,  in as way is  a t ime less  phenomenon» Education, when 

I went to  schoo l ,  was not what it was when even my o ld e r  b r o th e r s  

and s i s t e r s  —  a mere tw e lv e  y e a r s  o ld e r  than I —  went to  schools 

so that they  c on s id e red  me r a th e r  as a complete barbar ian .  This is  

the genera t ion  gap which has been with our s o c i e t y  s in ce  time 

immemorial.

But today  the b reak  i s  a bit more s i g n i f i c a n t  than that. The 

basic d i f f e r e n c e ,  perhaps,  is  that, in the past, the main purpose  o f  

the educat iona l  system was to  s o c i a l i s e  the students to  f i t  him or  

her into the e x i s t in g  s o c ia l ,  cu l tura l ,  and economic c on tex t .  It was 

what the Club o f  Rome in i t s  r e p o r t  No limits to  lea rn ing  c a l l s  

"maintenance learn ing . "  With the shocks  th is  soc ia l ,  cu l tu ra l ,  and 

economic con tex t  has undergone in r e c e n t  decades ,  such a system 

won't do any longer .  What is  needed now is  what the Club o f  Rome 

ca l l s  " innova t ive  lea rn ing . "  The main purpose  o f  th is  new type  o f  

education is  to  teach how to  learn .  It is  to  adjust to  change r a th e r  

than to  a s ta b le  system. Learn ing  has become a l i fe™long need, a 

1 i f  e 1 o n g o b 1 i g a t ion.

The educa t iona l  system now inc ludes  the  work p lace .  The 

indus tr ia l  e n t e r p r i s e  spends a c on s id e ra b le  p rop o r t ion  o f  i t s



budget on t ra in ing  and r e t r a in in g  i t s  personnel «  What used to  be 

ca l led  "sound commercial p r in c ip le s , "  gauged by "the bottom line," 

today  inc ludes  c o n s id e ra t io n s  o f  the environment? o f  labour 

r e la t i o n s  and par t ic ipa t ion?  o f  changing consumer demands? o f  

in t e rn a t ion a l  r e la t i o n s .  Employees a r e  r e t r a in e d  almost on a 

y e a r l y  bas is  as s p e c ia l i z a t i o n s  become e v e r  more rap id ly  

obso le te .  I f  o v e r l y  s p e c ia l i s e d  t ra in ing  comes to  dominate the 

outlook o f  an indiv idual ,  The Club o f  Rome says,  i t  tends  to  impede 

pa r t i c ipa t ion ,  to  block indiv idual  fu l f i lment,  and to  c o n t r ib u te  to  

p e rson a l  a l iena t ion  from s o c ie t y .  S p ec ia l i s a t ion s  can be ad justed  

to rap id ly  changing needs  only i f  t h e r e  is  a broad, in t e r  d i s c ip l in a r y  

bas is  to  which to  r e tu rn  and from which to  move in new d i r e c t ion s «

The big  i s s u e s  o f  contemporary  l i f e  —  food ,  ene rgy ,  

environment,  disarmament, development, employment —  a r e  

i n c r e a sing 1 y i n t e r d i s c i p 1 i n a r y a n d c a n n o t b e s t r a i g h t j a c k e t e d i n t o 

the  t rad i t ion a l ,  s e c t o r a l  educat iona l  system.

An " innova t ive "  educa t iona l  system, f ina l ly ,  the  Club o f  Rome 

says,  must be "pa r t i c ip a t ion a l . "  P a r t i c ip a t io n a l  in more than one 

senses f i r s t  o f  al l ,  s tuden ts  must learn  to  p a r t i c i p a t e  a c t i v e l y  in 

the  whole p ro c e s s ,  from curriculum determinat ion to  teach ing
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methodology. Secondly,  the r igh t  to  p a r t i c i p a t e  must be ex tended  to  

al l l a y e r s  or  c l a s s e s  o f  the  populat ion, and th e i r  needs  and th e i r  

cu l tu re  must be r e f l e c t e d  in the  programmes. S ince i t  is  impossible  

to ask the  a b je c t l y  poor  to  a c t i v e l y  p a r t i c ip a t e  in th is  sense ,  i t  

f o l low s  that, an innova t iv e ,  par t ic  ip at ion al educat iona l  system must 

aim at, and co n t r ib u te  to , the  e ra d ica t ion  o f  p o v e r ty .  That is  i t s  

s o c ia l  r espons ib i l i ty?  that is  par t  o f  i t s  v e r y  nature.

And th is  app l ie s  not only  to  the in t rana t iona l  level? i t  app l ie s  

to the in te rn a t ion a l  l e v e l  as well. And it  i s  h e r e  that we a r e  

e xp e r ien c in g  the  most pro found d i f f i c u l t i e s .  For the  mald istr ibut ion 

o f  educat iona l  r e s o u r c e s  is  even  worse  than the mald is tr ibut ion  o f

economic r e s o u r c e s .  The educa t iona l  gap is  simply horrendous ,  and 

it i s  at the v e r y  r o o t  o f  the  economic gap.

The wea l th ies t  q u a r t e r  o f  the world (30 c o u n t r i e s  with 24 

pe rcen t  o f  the populat ion )  spends 75 times more per  inhabitant on 

education than the l e a s t  deve loped  q u a r te r  (23 c o u n t r i e s  with 24 

percen t  o f  the  populat ion )  a r a t i o  t h r e e  times g r e a t e r  than th e i r  

economic d i s p a r i t i e s ,  which a r e  25s 1. S ix ty  p e rc en t  o f  the wor ld 's  

populat ion r e c e i v e s  only  s ix  p e rc en t  o f  world e xpen d i tu re s  on



public schoo ls .  In terms o f  u n i v e r s i t y  expend i tu res ,  g radua tes ,  and 

p r o f e s s o r s ,  the USA, USSR, and Japan account f o r  more h igher  

educat ion than the r e s t  o f  the world put t o g e th e r .

And one l a s t  item o f  s t a t i s t i c s :  T h i r t y - s e v e n  c o u n t r i e s  

r ep r e s en t in g  30 p e rc en t  o f  world population p o s s e s s  91 p e r c en t  o f  

the t o ta l  number o f  s c i e n t i s t s ,  e n g in e e r s  and techn ic ians ,  while .1.15 

cou n t r ie s  with o v e r  tw o - th i rd s  o f  world populat ion p o s s e s s  about 

9 percen t  o f  th ese  qua l i f i ed  personne l .

T rad i t ion a l  methods cannot cope  with a problem o f  th is  

magnitude New, in n ova t iv e  teach ing  and lea rn ing  methodolog ies ,  

g en e ra t in g  s p in - o f f  and mult ip l ier  e f f e c t s ,  must be r e s o r t e d  to, 

including d is tan ce  learn ing ,  t e l e v i s io n s ,  i n t e r a c t i v e  computer 

programmes, e tc .  These  a r e  ava i lab le ,  and can be made ava i lab le .  

What is  needed —  here ,  as in so many o the r  a s p e c t s  o f  the  g r e a t  

world problematique —  i s  the  p o l i t i c a l  will. National governments  

must be conv inced  o f  the  abso lu te  p r i o r i t y  o f  educat ion  as a 

p recond i t ion  f o r  economic development in the con tem porary  world. 

Educational budgets  must be in c rea sed  in most c o u n t r i e s  by 

whatever means: cu ts  in arms purchases ,  t a x e s  on luxury  imports,



arrangements  with mult inat ionals  ope ra t in g  in a deve lop ing  country ,  

etc»

At the same time, th e s e  e f f o r t s  must he? aided through 

reg iona l ,  mostly South-South coope ra t ion  shar ing  f a c i l i t i e s ,  

personne l ,  and e x p e r i e n c e s ,  while both r e g io n a l  and nat iona l  

e f f o r t s  must be a s s i s t e d  through g loba l ,  North-South coop e ra t ion ,  

through UNESCO, o r  through in s t i tu t ion s  such as the  r e c e n t l y  

es tab l i shed  Commonwealth Cen tre  f o r  D is tance-Learn ing «

Le t  us now look at the  second term r e s e a r c h »

The r o l e  o f  s c i e n t i f i c  r e s e a r c h  in contemporary  s o c i e t y  has 

been trans form ed  as fundamental ly as the r o l e  o f  education«

In the past,  s c i e n t i f i c  r e s e a r c h  could a f f o r d  the  la c k lu s t r e  

o f  the i v o r y  tower«  Today —  and even more so, tomorrow —  in our 

in formation and know ledge-based  economy, s c ien ce ,  ass the 

ph i losopher  Adam S ch a f f  put i t ,  " is  e x p l i c i t l y  assuming the r o l e  o f  

a means o f  p roduct ion ."  Basic r e s e a r c h  is  the foundat ion o f  applied 

r e s e a r c h  which is  the b as is  o f  r e s e a r c h  and development which is
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the hear t  o f  t e c h n o lo g i c a l  innovat ion  which, today,  is  the  prime 

eng ine  o f  economic growth, accounting,  a cco rd ing  to, e.g., Nobel 

Laurea te  So low, f o r  as much as 35 p e rc en t  o f  economic development. 

Scha f f  g o es  as  f a r  as to  assume that labour will d isappear  as a 

"c la ss "  in our s o c ia l  s t r u c tu r e  and that s c i en c e  will, more or  l ess ,  

occupy i t s  p lace.

Adriano O l iv e t t i  p r e d ic t e d  f o r t y  y e a r s  ago that the  worker  o f  the 

fu tu re  would be a s c i e n t i s t ,  and the  Romanian p o l i t i c a l  s c i e n t i s t  

Silv iu Brucan su gges ted  a number o f  y e a r s  ago that the  r o o t  o f  the 

then dawning Marxist  malaise was the d isappearance  o f  the  working 

p r o l e t a r i a t .

Bee that as it may, c e r t a in l y  we a r e  w itness ing momentous 

changes in the s o c ia l  s t ru c tu r e ,  and the  r o l e  o f  s c i e n t i f i c  r e s e a r c h  

has assumed unpreceden ted  so c ia l  importance, break ing  the 

d iv is ion s  between d is c ip l in e s  and departments, t ranscend ing  the  

walls o f  the i v o r y  tower  and p en e t ra t in g  government and industry .  

R&D departments consume a l a r g e  p ro p o r t ion  o f  the  budget o f  e v e r y  

indus tr ia l  e n t e r p r i s e .  Almost ha l f  o f  the wor ld 's  s c i e n t i f i c  

r e s e a r c h  is  p r e s s ed  in to  s e r v i c e  to  the war-making machine which 

d i s t o r t s  the economy. The c o u n t r i e s  gu i l ty  o f  th is  d i s t o r t i o n  lo s e



th e i r  com pet i t ive  edge  on the  world market at techno logy «  The other- 

halt  is  grouping in R'&D con so r t ia ,  o t ten  in te rn a t ion a l  in c h a r a c t e r  

and tinanced jo in t ly  by the public and the p r i v a t e  s e c t o r .  This is  a 

new phenomenon, p ecu l ia r  to  the  ' s e v e n t i e s  and, p a r t i c u la r l y ,  the 

' e i gh t ie s ,  in a l l  indu s t r ia l i z ed  countr ies «

Now it should be c l e a r  to  a l l  o t  us that t r a in ing and r e s e a rch 

a r e  int imate ly  l inked in the  s c i e n c e -b a s e d  indus tr ia l  e n t e r p r i s e .  

One l e a rn s  while doing r e s e a r c h ,  t ra in ing  is  pa r t  o f  r e s e a r c h  and 

r e s e a r c h  is par t  o f  t ra in ing .  We shal l  come back to  that la t e r «

Thus f a r  I have been ta lk ing  about t ra in ing  and r e s e a r c h  in 

a g en e ra l  sense ;  but what has been said app l ies  equa l ly  to  the 

s p e c i f i c  c a se  o f  t ra in ing  and r e s e a r c h  in environmental  s c ien ces .

So le t  me now come to  the th ird  and most complex component 

o f  my complex themes the  Environment.

Environmental  s tud ies ,  as  a d isc ip l ine ,  l i e  athwart the natura l  

and the  s o c ia l  s c ien c e s .  Environmental r e s e a r c h  must draw on 

b i o 1 o g y , c h e m i s t r y ,  m e t e o r o 1 o g y , h y d r o 1 o g y , g e o 1 o g y , rn e d i c i n e , 

rad io logy ,  an thropo logy ,  s o c io lo g y ,  economics, law —  and I am sure  

I have not been exhaus t ive .  It is  t h e r e f o r e  d i f f i c u l t  to  imagine that 

environmental s tu d ies  can simply be added on to  an o the rw ise  

unchanged curriculum, just as it  is  d i f f i c u l t  to  imagine that an



"environment department"  can simply be added on to  an e x is t in g  

g o v e r n rn e n t a 1 o r i n t e r g o v e r n m en ta l  s t r u c t u r e while e c o n o rn i c: 

planning, industry ,  a g r i c u l tu r e ,  urban planning, e tc .  remain the 

r e s p o n s ib i l i t y  o f  o th e r ,  s e p a r a t e  departments. This was pointed 

out by the  Brundtland r e p o r t .  Concepts,  as important and 

comprehens ive  as that  o-f " sus ta inab le  development,"  o r  "-finding a 

s yn th es is  between economics and e c o lo g y "  do have th e i r  

in s t i tu t ion a l  impl icat ions.  These  have been hinted at in the 

l i t e r a t u r e  —  e s p e c ia l l y  the  Brundtland Report  —  but they  have not 

been thought through, l e t  a lone  implemented. There  is  a big task 

ahead o-f us.

The concep t  o f  "environmenta l  s tud ies , "  r a th e r  than being 

added on to the curriculum, thus should be in fused in to  e v e r y  

department o f  a u n iv e r s i t y ,  in to  e v e r y  d is c ip l in e  o f  a secondary- 

school .  The teach ing  o f  economics,  o f  law, thus must include 

environmental  a sp ec ts ;  the  teach ing  o f  b io logy  or  chemistry  must
i

s t r e s s  the importance o f  th e s e  d is c ip l in e s  f o r  environmental  impact 

assessm ents  and the r e g u l a t o r y  and in s t i tu t ion a l  measures to  be 

t a k e n t o i m p 1 e m e n t conc l  u s i o n s a n d r e c o m m e n d a t i. o n s .

I n t e rd i s c ip l in a r y  c o u r s e s  should be in troduced ,  drawing on the 

f a c u l t i e s  o f  a l l  the  in vo lved  d isc ip l in es .  This may sound simple,



but it is  d i f f i c u l t  and f r u s t r a t in g !  Because law yers  and economists  

and b i o l o g i s t s  l i v e  in d i f f e r e n t  worlds, have d i f f e r e n t  o p t ic a l  

p e r c ep t ion s ,  and speak d i f f e r e n t  languages»  To f o cu s  th ese  

d i f f e r e n t  p e r s p e c t i v e s  on one s in g le  ervent or  development would 

g e n e ra t e  a new v e r s io n  o f  "Rash a mon" (Rash a mon, you may

remember, was an outs tand ing  Japanese film dep ic t ing  one s in g le  

event ,  a murder, as seen and r e p o r t e d  by seven  d i f f e r e n t  

w itnesses ,  and thus th is  s in g le  even t  d is so lv ed  in to  seven  

d i f f e r e n t  dramas)—  ye t ,  the b a r r i e r s  between th e s e  d i s c ip l in e s  

have t o  be brought down i f  env ironmental  s tud ies  a r e  what they  a r e  

supposed to  be and i f  they  a r e  to  be e f f e c t i v e l y  in t e g ra t e d  in to  the 

cu r r i c u la  o f  the  fu tu re .

Students  should be encouraged  to  des ign complex models f o r  

economic p ro j e c t i o n s ,  in t e r  n a Vising environmental  parameters .  Such 

models, thus f a r ,  have  been des igned in the f i e ld  o f  f i s h e r i e s  

economics —  I have in mind ex t rem e ly  in t e r e s t in g  s tu d ie s  by 

F 'r igogine and Jaqueline Me Glade on "optimum susta inab le  y ie ld " ,  

in t e g ra t in g  b io lo g ica l ,  e c o lo g i c a l ,  m e teo ro log ica l ,  h y d ro lo g i c a l  and 

chemical pa ram ete rs  with soc ia l ,  f inanc ia l ,  and economic f a c t o r s ;  

but they  have remained at the academic le v e l ;  they  have not been 

app l ied  by in du s t r ia l  f i s h e r i e s ,  l e t  a lone by f i s h e r i e s  in
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developing countries. They nave not been tested, and even tnougn 

in fisheries science, more than anywhere, we have brought the 

concept of sustainable development down to earth, or to water, and 

concretised it, as it were, the results, thus far have been far from 

reliable. The International Institute for Applied Systems Analysis 

in Vienna has published a number of fascinating multidisciplinary 

studies, on water management, on energy, etc. But these, too have 

remained delinked from the educational system. Thus, here too, is 

a big agenda before us.

From my brief, all too sketchy analysis of the three 

components of the theme linking education, research, and 

environment, I have already passed to indicating at least one way 

in which research and teaching could be successfully integrated. 

But there are other ways. They need to be developed, in a general 

framework, including environmental research in all its diffused 

aspects,

Monitoring the health of the environment is the basis of 

environmental research. This is an activity that need not be 

restricted to scientific research institutions, On the contrary, the 

more people are involved in it, the more successful it will be. The 

Mediterranean Action Plan, and action plans in other parts of the
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world, nave amply demonstrated it. Environmental monitoring should 

be  par t ic  ip at ion al, invo lv ing ,  t o g e th e r  with the s c i e n t i s t s ,  NGOs, 

volunteers,- f ishermen, n a v ig a to r s ,  c o a s ta l  r e s id en ts ,  and students .

The Club o f  Rome s u g g e s t s  

in te g ra t in g  th is  kind o f  r e s e a r c h  

e s p e c ia l l y  in deve lop ing  cou n tr ie s .

a g e n e r a 1 f  r amewor k f  o r 

in to  the  lea rn ing  p r o c e s s  —  

Learn ing ,  the Report  says ,  " is

a pe rsona l  and s o c ia l  as well as an environmental  a c t i v i t y .  It

e n c o ffi p a s s e  s i n t r a -  h u m a n, i n t e r -  h u m a n, a n d e x t r a -  h u rn a n a s p e c t s .

We b e l i e v e  t h e r e f o r e  that  a major e f f o r t  should be 
made t o  r e s t o r e  ba lance  between act ion  and r e f l e c t i o n  
by  invo lv ing  both public and p r i v a t e  u n i v e r s i t i e s  more 
d i r e c t l y  in the evo lu t ion  o f  s o c i e t y  through r e s e a r c h  
c o n t r a c t s  and development p r o j e c t s .

For  example, who in the  deve lop ing  c o u n t r i e s  is  better- 
p laced  than the  u n i v e r s i t i e s  to  implement l i t e r a c y  
programs? Could not the s tuden ts  be g iven  c r e d i t s  
equ iva len t  t o  two sem ester  c o u r s e s  i f  they  make ten 
p e r s o n s  l i t e r a t e  by the  end o f  the academic y e a r ?  
Could they  not under take  f i e ld  work connected  with 
th e i r  s tud ies  f o r  a number o f  weeks per  y ea r  so  as to  
ex tend  the u n iv e r s i t y  out in to  the  ru ra l  a r e a s ?  The 
combination o f  just  th ese  two domestic innova t ions  
app l ied  to  the ten mill ion u n iv e r s i t y  s tuden ts  o f  the 
Third World could, g iven  adequate  techn ica l ,  f inanc ia l  
a n d a cl m i n i s t r a t i v e b a c k s t o p p i n g , r e cl u c e c o n v e n t i o n a 1 
i l l i t e r a c y  by ha l f  within f i v e  y e a r s  and e r a d i c a t e  it 
within about ten.

Such programs need not o f  c o u rs e  be l imited to  
l i t e r a c y .  They could apply  to  any o f  the a r e a s  o f  what 
might be ca l led  "domestic problématique"  such as water- 
r e s o u r c e s ,  land c o n se r va t io n ,  health and san i ta t ion ,  
environmental  p r o t e c t i o n ,  p r e s e r v a t i o n  o f  the  cu l tu ra l  
h e r i t a g e ,  and so  on. Government a g en c ie s  and p r i v a t e
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e n t e r p r i s e s  could c o n t r a c t  with u n i v e r s i t i e s  fo r  work 
on any such environmenta l  or  deve lopmental  p r o je c t »

Thus one might en v is a g e  indu s t r i e s ,  or Government departments

co n t ra c t in g  U n iv e r s i t i e s  —  or even s e con dary  s choo ls  -— to

undertake  s e v e r a l  weeks o f  environmental  monitoring and to  r e p o r t

th e i r  r e s u l t s  f o r  academic c r ed i t »

A th ird  way o f  l inking the  t h r e e  terms o f  our theme should be

e f f e c t e d  through the  r e g i o n a l  c e n t r e s  we have p roposed  f o r

r e s e a r c h  and development in marine indu s t r ia l  t echno logy .  Marine

indus tr ia l  t echno logy ,  or  cou rse ,  is  merely  an example, and we have

focused  on this ,  because  th e r e  e x i s t s  a l e g a l  mandate and

in s t i tu t ion a l  framework f o r  act ion .  In r e a l i t y ,  however,  marine

indus tr ia l  t e chno logy  in vo lv e s ,  in fa c t ,  a l l  b ranches  o f  s o - c a l l e d

High Technology ,  from g en e t i c  en g in ee r in g  to  l a s e r ,  from new

mater ia ls  to  m ic r o - e l e c t r o n i c s ,  from f i b r e  o p t i c s  to  a c o u s t i c s  and

magnetology» I f  we make a b reak through  in in t e g ra t in g  r e s e a r c h  and

t ra in ing  in marine in du s t r ia l  techno logy ,  i t  should a f f e c t  the

educa t iona l  system as a whole.

The purpose  o f  th e s e  c e n t r e s  should be the jo int  development

—  both South-South and North South o f  env ironmenta l ly  sound and

s o c ia l l y  r e l e v a n t  techno logy .  This would inc lude pol lut ion

rn o n i t o r i n g a n d p o 11 u t i o n c o n t r o 1 t ec  h n o 1 o g i e s a 1 o n g w i t h
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environmental  impact assessment o f  any o th e r  marine indus tr ia l  

t echno logy  to  be deve loped  as well as in t e g ra t io n  o f  environmental  

pa ram ete rs  in economic f o r e c a s t s ,  c o s t/ b en e f i t  ana lyses  and 

marketing p r o j e c t i o n s  r e la t in g  to  such te ch n o log ie s .  Any p r o j e c t  

c a r r i e d  out under the ausp ices  o f  the  r e g io n a l  c e n t r e  would have 

the pa r t i c ip a t ion  o f  at l e a s t  two cou n t r ie s ,  at l e a s t  one o f  which 

would have to  be a deve lop ing  country .  The co s t  f o r  the p r o j e c t  

would be borne  ha l f  by the  p r i v a t e  s e c t o r  (the indus tr ia l  

e n t e r p r i s e s  who would have p roposed  the p r o j e c t )  ha l f  by 

governments  or in te rgove rnm en ta l  o rgan isa t ion s .  The p a r t i c ip a t ion  

o f  the deve lop ing  coun try  would be paid f o r  by the World Bank, 

UNDP, or o ther  development c oop e ra t ion  agenc ies .  The s c i e n t i s t s  

and en g in ee rs  o f  the deve lop ing  c o u n t r i e s  would p a r t i c i p a t e  on an 

equal fo o t in g  in the r e s e a r c h  and development a c t i v i t i e s ,  a longs ide  

th e i r  p a r tn e r s  from the deve loped  cou n tr ie s .  Add i t iona l ly  t r a in e e s  

could be taken on to  a s s i s t  in the  r e s e a r c h .  The r e s u l t s  o f  the RM) 

a re  to  be shared  by a l l  p a r t i c ip a t in g  cou n tr ie s .  The t e ch n o lo g i e s  

deve loped  in common a r e  owned in common. The t r a d i t i o n a l  —  and 

v e r y  unsuccess fu l  —  concep t  o f  " t e chno logy  t r a n s f e r "  has been 

rep laced  by the more dynamic, more modern concep t  o f  " jo int 

d eve  1 opmen t o f  techno 1 o g y ."
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Obviously ,  jo in t  development o-f t e chno logy  has a s t rong ,  

bu i l t - in  component o f  t ra in ing  and lea rn ing  and r e p r e s e n t s  a d i r e c t  

•flow o f  environmental  r e s e a r c h  f ind ings  in to  education- Here  

r e s e a r c h  is  par t  o f  t ra in ing  and t ra in ing  is  pa r t  o f  r e s e a r c h .

The r e g ion a l  c e n t r e s  should a lso  conduct, or  be l inked to, 

r e g u la r  t ra in ing  programmes d i r e c t l y  b en e f i t  t ing from the f ind ings  

o f  the s c i e n t i s t s  and e n g in e e r s  engaged  in the  R&D.

The r e g io n a l  c e n t r e s  a r e  conce iv ed  as f o c a l  po in ts  o f  v e r y  

d i f f u s e  in s t i tu t ion a l  networks- Although th ese  networks  will v a r y  

from reg ion  to  reg ion ,  we t r i e d  to  des ign a g e n e ra l  scheme, which 

was included in our f e a s i b i l i t y  s tudy f o r  the Mediterranean Centre  

f o r  RM) in Marine Indus tr ia l  Technology .

...- FLOW CHART —

We have dea lt ,  thus fa r ,  with ex i s t in g  in s t i tu t ions ,  or  in s t i tu t ion s  

that could be e s tab l i sh ed  in the sho r t  term, and with s h o r t -  or 

medium term p o s s ib i l i t i e s  o f  enhancing the flow o f  environmental  

r e s e a r c h  f ind ings  in to  education-

Mow I want to  come to  the fou r th  term o f  my theme, des igna ted  

as "plus one" in my opening remarks, that is, the fu tu re .  In the 

longer  term we c e r t a in l y  will have  to  r e l y  on the new te ch n o !o g i e s



o f  education —  d is tance  lea rn ing  t e ch n o lo g ie s ,  t e l e v i s io n ,  rad io ,  

i n t e r a c t i v e  computer programmes, etc »  f o r  the building o f  an 

educa t iona l  system that i s  innova t ive ,  widely p a r t i c ip a t ion a l ,  both 

in t ran a t ion a l ly  and in te rn a t ion a  11 y , 1 inking nationa 1, r e g ion a  1, and 

g loba l  l e v e l s ,  ad just ing to  change r a th e r  than to  a s tab le  system, 

and t ranscend ing  the Rashamon syndrom through a genuine ly  

in t e r d i s c ip l in a r y  approach to  the  major is su es  o f  contemporary  

l i f e »  How can the  flow o f  environmenta l  r e s e a r c h  f ind ings  be 

enhanced in such a system?

I have t r i e d  to  des ign  a simple f low char t  to  d e s c r ib e  a v e r y  

complex p ro c e s s ,  and I sha l l  now t r y  to  exp la in  it»

This is  a c a s e  s tudy on how the whole system might work as 

app l ied  to an aquacu ltu re  p ro j e c t .

My f i r s t  assumtion is  that environmental  r e s e a r c h  and 

education does  not take  p la ce  in is o la t ion  but as  an in t e g r a l  part  

o f  a development and product ion  system. This i s  r e f l e c t e d  in the 

R?/D agenda o f  the R&D Cen tre  in the c e n t r a l  box:.

My second assumtion i s  that the  p r o j e c t  i s  one that has been 

s e l e c t ed  on the bas is  o f  the p a r t i c ip a t io n  o f  s e v e r a l  coun tr ie s ,  

including at l e a s t  one deve lop ing  country ,  and that i t  is  c a r r i e d  out 

as a jo int v en tu re  between in du s t r ia l  e n t e r p r i s e s  in both deve loped

17



and deve lop ing  c o u n t r i e s  and a u n iv e r s i t y ,  o r  u n iv e r s i t i e s ,  under 

the? ausp ices  o f  a Reg ional  R&D Centre .  The c o s t s  are? borne  ha l f  

by  the? indus tr ia l  e n t e r p r i s e s ,  ha l f  by nat iona l  governments.  The 

cos t  f o r  the p a r t i c ip a t ion  in the  R&D by the deve lop ing  coun try  or  

c ou n tr ie s  i s  borne  by UNDP. This enab les  the s c i e n t i s t s  and 

engineeers o f  the deve lop ing  c o u n t r i e s  to  p a r t i c i p a t e  in the R&D as 

e? q u a l p a r t n e r s .

Part  o f  the  agreement is  that the U n iv e r s i t y  a ss igns  s tudents  

f o r  f i e ld  work f o r  the  assessment o f  the  s o c ia l  and environmental  

impacts o f  the p r o j e c t s .  They do th is  f o r  academic c r e d i t .

The work o f  the s tuden ts  is  fo l lowed by the  media, both 

t e l e v i s io n  and rad io .  In t e r v iew s  and images a r e  p r o j e c t e d  to  the 

gen e ra l  public. Peop le  thus a r e  encouraged  to  jo in  the  s tuden ts  in 

monitoring s o c ia l  and environmental  impacts.

The U n iv e r s i t y  in c o r p o r a t e s  the  r e s u l t s  o f  the  r e s e a r c h  into 

i t s  continued educat ion programme which is  a va i lab le  to  the  g en e ra l  

public and thus enhances environmenta l  educat ion  throughout the 

community.

The U n ive rs i t y  a ls o  u t i l i z e s  the  r e s e a r c h  r e s u l t s  f o r  i t s  

d i s ta n c e - l e a rn in g  programmes which a r e  made a c c e s s ib l e  both to  

deve loped  and deve lop ing  cou n tr ie s .  Developing c o u n t r i e s  thus ge t



a twofold input o f  environmenta l  educations through the d i r e c t

p a r t i c ipa t ion  o f  th e i r  s c i e n t i s t s  and e n g in e e r s  in the  R&D, and

through the  d is tance  lea rn ing  programmes» The scheme l inks

nat ional ,  r e g ion a l ,  and g loba l  l e v e l s  o f  a c t i v i t i e s .
»

I think such a scheme probab ly  maximises the flow o f  

environmental  r e s e a r c h  f ind ings ,  in t e g ra t e d  in to  a development 

p r o j e c t ,  in to  environmental  educat ion  f o r  the fu tu re .







International Ocean Institute
P.Q, Box 524 Valletta - Malta_____________ Cables: Interocean

Pacem in Maribus

GUIDE LINES FOR A TRAINING PROGRAMME 

INTRODUCTION

The following guidelines are based on four interrelated 
assumptions:

1. Plans for training for staff for the Enterprise, must 
incorporate a substantial uncertainty factor. In 
contemporary economics, this is a general and pervasive 
phenomenon, but in the case of sea-bed mining it is of 
particular importance. No one is able to forecast when, and 
under what economic and technological circumstances, seabed 
mining is to start, it may be much sooner than some 
forecasters anticipate; or it may be during the first decade 
of the next century. Special Commission II has been unable 
to agree on a set of assumptions; and it is indeed 
impossible to do so.

2. Seabed mining will become economically attractive when 
either of two premises, or a combination of the two, are 
met. (a) The mineral market improves, with considerably 
higher and more stable market prices; (b) Technology 
advances, reducing the costs of production. We have no 
influence on (a); we do have a certain influence on (b). To 
reduce the uncertainty factor, it is therefore advisable to 
concentrate our efforts on (b).

3. In any plan of work, from the pre-investment phase 
onward, exploration, research and development, and the 
development of human resources are inseparably linked. They 
must be planned and carried out together.

4. The responsibility for the development of human resources 
which is essential for the participation of developing 
countries in the Enterprise, must be fairly allocated 
between the Pioneer investors and the international 
community at large.



I. NATURE OF REQUIRED TRAINING

A. The disciplines to be covered are numerous. They have 
been listed in a number of Secretariat documents as well 
as by some of the Pioneer Investors. What should be added 
here is the need for innovation: the study of the 
possible impact of various high technologies on R&D in 
mining technology. This will be elucidated under 
INNOVATION, below.

Sea Technology recently (June, 1987) published a special 
report on ocean engineering/resource development, with an 
article on "Educating the Ocean Engineer" by Stanley Dunn 
and Ray McAllister of the Ocean Engineering Department of 
Florida Atlantic University. The Authors conclude that, 
as a relatively new discipline,

ocean engineering must take a systems approch to design 
problems, requiring a firm understanding of each of the 
technical areas involved.

The disciplines involved "include a significant emphasis 
on the social sciences and humanities as well as the 
development of communication skills." The wide range of 
technical disciplines is mapped on the following chart, 
reproduced from the article.

B. Considering the above mentioned uncertainty factor, 
training for the Enterprises should be divided into two 
parts: (a) building the initial staff of the Enterprise, 
in a narrow sense; (b) generating a pool of expertise in 
developing countries, from which the Enterprise, in 
future years, can recruit its staff.

Building the initial staff for the Enterprise. Since 
exploration, R&D, and the development of human resources 
are inextricably linked, this can only be done in 
connection with the exploration of the first mine site 
for the Enterprise. It will be on-the-job training, to be 
carried out on board the research ships, in the
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laboratories analysing the data; the data storage 
centres, the processing laboratories, etc. Close 
cooperation with the Pioneer Investors will be essential. 
The Pioneer Investors should be urged to consider 
drafting a joint training programme, in conjunction with 
the joint exploration of the mine site which they are 
already considering as stated in the "Understanding" 
adopted at the end of the last Session of the Prep.Com.

The G77 should immediately prepare a list of applicants 
from each country for such advanced on-the-job training, 
the list should include a c.v. for each applicant showing 
the levels and disdiplines of pre-training. The list 
should be kept, and kept up-to-date, by the Secretariat 
and be at the disposal of the Pioneer Investors.

C. Candidates should probably have reached the level of 
dipl. ing. They should have been trained in at least five 
of the disciplines indicated in table 1 and completed a 
programme of roughly seven years, including undergraduate 
and graduate work.

Many of the developing countries already include some of 
the disciplines listed in Table 1 in the curricula of 
their technical institutions. Other countries should be 
urged to introduce training in these disciplines. UNESCO, 
and, especially its Intergovernmental Oceanographic 
Commission (IOC), as well as the United Nations 
University and its WIDER Institute (Helsinki) and UNIDO 
will assist developing countries in strengthening their 
basis for such training. Such a national basis is 
essential for the strengthening of self-reliance. Without 
such a national basis, international cooperation in 
marine sciences and technology remains ephemeral.

D. GENERATING A POOL OF EXPERTISE

While the roster of already trained engineers and 
scientists will form the basis for the formation of the 
initial staff of the Enterprise, as far as the developing
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countries are concerned (the list could of course incl 
candidates from the industrial countries as well), the 
continuous training of marine scientists and engineers 
this level serves additional purposes, (a) it serves t 
generate a pool of expertise from which the Enterprise 
in future years, may recruit its staff; (b) it will 
assist developing coastal States in the management of 
their EEZ (offshore oil exploration and production; 
offshore structures; exploration and mining of nearsho 
mineral resources; design; communication, etc.)

ude

at
o

re

E. Where the teaching of a required marine science
discipline is not practical because of economy of scale, 
regional coopertion offers the best chance and will 
enhance collective self-reliance and South-South 
cooperation. An essential instrument would be the 
Regional Centres established by Articles 276 and 277 of 
the U.N. Convention on the Law of the Sea. Although these 
Centres, just like the International Sea-bed Authority 
and the International Tribunal for the Law of the Sea, 
are new institutions established by the Convention, the 
Preparatory Commission has no mandate to make practical 
arrangements for their establishment. The Secretriat for 
Ocean AFfairs and the Law of the Sea should be urged to 
take steps, in cooperation with the competent 
international organisations (especially UNEP, UNIDO, and 
IOC), to prepare for the early entry into effective 
operation of these Centres as soon as the Convention 
comes into force. They may play an important role inthe 
training of personnel for the Enterprise from developing 
counries.

F. As any other, private or public, industrial enterprise, 
the Enterprise must comprise a Department for Research 
and Development (R&D), including the development of human 
resources which is inextricably intertwined with the 
development of technology. Such departments occupy an 
ever more important space in the organisation and budget 
of any industrial enterprise. Development and 
competitiveness of the enterprise would be unthinkable
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without such a department. The annual cost for this part 
of the Enterprise has been estimated as $50 million in 
the Austrian working papers on JEFERAD.

In his final Statement during the Fourth Session of the 
Preparatory Commission, the Chairman of the Second 
Special Commission indicated the need of dealing with the 
R&D Regime of the Enterprise. The Chairman should be 
requested to place this item on the agenda of future 
sessions as it provides an important element for the 
training of staff for the Enterprise.

G. Other measures for advanced training through cooperation 
with the international community could be developed by 
studying the experience, in outer Space. The Committee on 
Peaceful Uses of Outer Space (C0PU0S) has developed a 
remarkable network of training facilities on a global 
scale. The Report of the Scientific and Technical 
Sub-Committee on the Work of Its Twenty-Third Session 
(A/AC. 105/369, 28 February 1986), contains two 
recommendations:

c. The United Nations should support the creation of 
adequate training centres at the regional level, 
linked, whenever possible, to institutions 
implementing space programmes; necessary funding 
for the development of such centres should be made 
available through financial institutions;

d. The United Nations should organize a fellowship 
programme through which selected graduates or 
post-graduates from developing countries should get 
in-depth, long-term exposure to space technology or 
applications; it is also desirable to encourage the 
availability of opportunities for such exposures on 
other bilateral and multilateral bases outside the 
United Nations sytem.

The Report, then, gives an overview of training
- 5 -



activities during 1985-6 and 1987, which is impressive. 
Some excerpts of this report, with relevant information, 
is attached in Annex I.

G. Another interesting training scheme, which could be 
expanded to cover marine science and technology, is 
provided by the Third World Academy of Sciences. 
Information on this is attached in Annex II.

H. The Training Programme of the International Ocean 
Institute, Class A, would be a useful addition to any 
long-term technical programme and provide the 
inter-disciplinary and systemic component recommended by 
the article in Sea Technology. The programme could be 
redesigned in cooperation with the Secretariat to meet 
the specific requirements of the Prep.Com. A Report on 
one such course is attached in Annex III.

I. The Secretariat should be requested to prepare a roster 
of existing training facilities.

H. A scheme and time-table for training, both in the 
pre-investment and in the operational phase of the 
Enterprise is given in Table 2.

II. ON SELECTION CRITERIA

A. Qualification

As mentioned above, applicants for training for the 
Enterprise, whether in the pre-investment or in the 
operational phase, should have the qualifications of a 
Dipl. Ing. or Master in Science. They should be invited 
to a competitive examination administered by a Training 
Commission established by the Prep.Com

B. Equitable geographical basis

It would be desirable for Special Commission II to come
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to an agreement as to the proportion of Enterprise staff 
to be employed from developing countries. It is assumed 
here that half of the staff should be so recruited.

Within this framework, however, it would not enhance the 
efficiency of the Enterprise to base recruitment on a 
quota system determined by the criterion of regional 
representation. Recruitment should be based on efficiency 
alone, as ascertained by a competitive examination. 
Ceteris paribus, however, preference should be given to 
under-represented regions; and should any region be 
seriously under-represented on the staff, special, 
additionl efforts should be made to improve training in 
such a region.

3. SHORT-TERM AND LONG-TERM REQUIREMENTS/PROJECTIONS, ETC.

Short-term training activities (building of 
staff of the Enterprise: see I (B) above) an 
training activities (generation of a pool of 
developing countries: See I (D) above); shou 
initiated at the same time. The development 
resources, intertwined with the development 
is one continuous and dynamic process which 
anyway, but, until now, to the exclusion of 
countries. It is our great opportunity, and 
responsibility, to bring developing countrie 
process.

the initial 
d long-term 
expertise in 
Id be 
of human 
of technology 
is going on 
developing 
our
s into this

During the short-term phase, a part of the. burden will 
devolve on the Pioneer Investors, in accordance with the 
Convention, with Resolution II and the Understanding 
adopted by the Prep.Com. Even during these phase, 
however, the burden could and should be alleviated by the 
efforts within the developing countries themselves and by 
the concomitant beginning of the long-term phase where 
the burden falls on the international community as a 
whole.
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4. INNOVATION

Returning, in conclusion, to premise 4 of the 
introduction to these pages, we wish to stress once more 
the importance of innovation in research and development 
in mining technology as the one factor most likely to 
make ocean mining economically interesting. More 
specifically, it will be the impact of the most advanced 
sectors of High Technology on mining technology that will 
bring about this change. A list of high technologies, and 
their possible impact on ocean mining was attached to the 
Statement made by the 101 during the Spring, 1987,
Session of the Prep.Com. The list is being reproduced in 
the Colombian Working Paper, WP14, Add.2. It is attached 
here as Annex IV.

To give just a few obvious examples: Developments in 
research on blue-green lasers, which may penetrate the 
ocean waters from outer space, may alter our exploration 
technology. The perfection of subsea completion systems 
in the offshore oil industry in very deep waters or harsh 
climates, together with the building of submarine 
tankers, may revolutionize our mining concepts: the 
mining-ship may disappear in the wake of the drilling 
platform. Nodules might be collected and pre-processed by 
remote control in subsea completion systems and loaded on 
submarines which would take them directly to the 
processing plant. New inventions in materials technology 
my alter, and reduce the cost of, our instruments. 
Progress in magnetology or in genetic engineering may 
affect our processing technology: in future, perhaps 7 or 
8 metals may be extracted rather than 3 or 4 as conceived 
today.

To enable developing countries to participate in this 
process, a special scholarship system should be 
established, possibly in cooperation with the Third World 
Academy of Science. Highly gifted marine scientists and 
engineers from developing countries should be selected
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and awarded scholarships to work for a period of time in 
the most advanced scientific and industrial institutions 
in the developed countries to study the most advanced 
sectors of high technology for their possible application 
to seabed mining technology. This is not an extra
ordinarily costly scheme, in fact, it does not cost more 
than any other scholarship scheme. More than a financial 
question, it is a question of purpose, of organisation 
and of mutual trust and cooperation.

5. SUMMARY OF RECOMMENDATIONS

A. Exploration of the first mine site for the Enterprise, 
Research and Development of technology, and the 
development of human resources should be planned and 
conducted as a whole system.

B. Considering the uncertainty factor, training should be 
divided into two parts: building the initial staff of the 
Enterprise, in a narrow sense; and generating a pool of 
expertise in developing countries, from which the 
Enterprise, in future years, can recruit its staff.

C. The Pioneer Investors should be urged to consider 
drafting of a joint training programme, in conjunction 
with the plan for the joint exploration of the mine site 
which they have already announced, and the development of 
site-specific technology.

D. All members of the Prep.Com should prepare a list of 
applicants for advanced on-the-job training for the 
Enterprise. The list should include a c.v. for each 
applicant showing the levels and disciplines of 
pre-training. The list should be kept, and kept 
up-to-date, by the Secretariat and be at the disposal of 
the Pioneer Investors.

E. Candidates should have reached the level of Dipl. ing. or 
Master in Science.
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F. Developing countries should utilize the assistance of 
UNESCO, IOC, UNU and UNIDO to upgrade basic training in 
marine science and engineering.

G. The Secretariat for Ocean Affairs and the Law of the Sea 
should be urged to take steps, in cooperation with the 
competent international organisations (UNEP, UNIDO, and 
IOC) to prepare for the early entry into effective 
operation of the Regional Centres established in Articles 
276 and 277 of the Convention, as soon as the Convention 
comes into force.

H. The Chairman of the Second Special Commission should be 
requested to place an item on the R&D capacity of the 
Enterprise on the agenda of the Special Commission.

I. The arrangements for training made by the Committee on 
Peaceful Uses of Outer Space. (COPUOS) should be studied 
as possibly useful precedents for training arrangements 
for ocean mining.

J. The Secretariat should be requested to prepare a list of 
other existing training programmes and explore 
possibilities of cooperation

K. The Prep.Com. should, in due time, appoint a Commission 
on Training to administer competitive exams for the 
selection of candidates for training with the Pioneer 
Investors and other programmes.

L. To encourage innovation, a Special Scholarship Scheme 
should be developed, in cooperation with the Third World 
Academy of Science, for highly gifted marine scientists 
and engineers from developing countries.
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