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This is a somewhat adapted version of  what I said at 
the symposium where my friends from Utrecht, 
Princeton and Nice honoured my career in those 
places: I have removed the part where I talk more 
specifically about geophysics research and I have 
mixed in my reactions to some questions posed to me 
afterwards.

The rapid change of  'science'.

Let me first look back. This photo was taken twenty 
years ago on the occasion of  the twentieth anniversary 
of  project IDA, the first worldwide digital seismograph 
network. The man in the foreground is Cecil Green, 
whose philanthropy not only made IDA possible, but 
also this workshop by invitation only where I (second 
from right) found myself  between such geophysics  
giants as Jon Claerbout, Adam Dziewonski, Don 
Anderson, Sean Solomon, Don Turcotte, Freeman 
Gilbert and others... I'll come back to Cecil, a most 
remarkable man, later in this talk. But let me first 
address the question that may be on your mind, an in 
fact still is on mine: How the hell had I, born fifty years 
earlier and raised in a small town in the Netherlands, 
ended up here in Capo San Luca at the southern tip of 
Baja California?

If  we skip another twenty years back, there is the hint of  an answer: I have always been fascinated 
by data from the natural environment. When I was working on my PhD thesis in the early 1970's, I 
was already in love with seismograms. Today, you can have a seismogram pop up on the screen of  
your laptop in less than a second. At that time, a seismogram was still a large sheet of  photographic 
or smoked paper with wiggles.

 You ordered copies of  them on microfiche and blew them up to their original size in the dark room 
of  the geological institute, then digitized them by hand. For me, the most convenient method of  

storage of  the data 
was on telex tape, 
because that was also 
what we used to write 
computer programs 
and the operators at 
the computer center 
were able to read such 
tape. I moved on to 
magnetic tapes when I 



learned how to copy telex tape on a Raytheon with 
4K memory.  I must have spent at least six months 
digitizing hundreds of  seismograms, but in the end 
I was able to do something that no one else had 
done before and I was awarded a PhD.

Progress went fast on all fronts and within a few 
years the first digital recorders came on the 
market, there was no need for hand-digitizing, and 
now what we call `computational science' allows us 
to predict seismic motions and test our ideas 
against real data. 

My own science, seismology, is becoming more an more dominated by a mix of  geology, geodesy, 
almost pure physics, mathematics and, in the end, computational science. But it is no exception. 
The problems we address invoke even a much wider spectrum - and offer a wealth of  opportunities. 
It is interesting to look at the seven major opportunities in Earth science identified recently by a 
National Academy committee headed by Thorne Lay1. These range from early Earth to 
biogeochemical cycles, but - most importantly - each of  them is inherently multidisciplinary. 

A good example of  such multidisciplinary research was done my Geoazur colleagues who work on 
the seismic hazard in this region, between Nice and Genova. The topography in our corner of  
France and Italy is extremely steep, going from 3 km high to almost 3 km deep bathymetry in less 
than 50 km. The tectonic situation indicates the existence of  a reverse fault. In 1887 an earthquake 
with magnitude about 6.8 struck the region probably on this fault. It scared people quite a bit - the 
Prince of  Wales who was vacationing in Cannes was ordered to return home, which was difficult 
because all the participants to the famous carnival in Nice had the same idea. In a remarkable study, 
Christophe Larroque and collaborators 
combined  evidence from geodesy, geology, 
geochronology, seismic reflection surveys and a 
statistical analysis of  current day seismicity to 
establish that the recurrence time of  such a 
large quake  - which would devastate a city as 
unprepared for it as Nice - must be measured 
in thousands of  years: somewhere between 
1700 and 4000 years. This is less fortunate 
than it seems because the 1887 quake may not 
have ruptured the full length of  the fault.

It is not difficult to find other examples of  how 
multidisciplinary the geosciences have become. 
This  is good news because, with the Earth only 
being a single object, it is easy to fear that one 
will sooner or later run out of  interesting 
questions to pursue. But are we prepared to 
grab the opportunities? I see a few obstacles, 
and will spend the last few minutes of  this 
symposium giving you my highly personal 
opinion of  where they are and what we can do about them.



Education

The first obstacle is what I call inertia of  education. It is only natural that high school and 
undergraduate education cannot keep up with rapid developments in science. That is not a big 
problem. The real question is: are we preparing our students to be flexible, openminded and 
capable of  learning from many different fields even after they  leave school? Most European 
universities still try to tie students into a harness defined by classical ideas of  what constitutes the 
discipline - in our case we think we should educate a well-grounded 'earth scientist'. It is 
understandable: we know what we needed to learn to get where we are now. But it results in clones 
of  ourselves, and that may not be what the future needs. It also ignores that university education has 
changed to a more democratic, society-oriented activity and that only a fraction of  our students will 
follow in our academic footsteps.

The 'imposed curriculum' is the opposite of  what american universities like Princeton do, who ask 
the students to distribute their attention widely. To graduate in geosciences Princeton requires only 8 
courses in that subject, or about a third of  the undergraduate course load, plus half  a year 
participation in geoscience research. For the rest students can choose math, physics, biology, 
computer science,  a foreign language or even music. It does not exclude a more rigid approach, e.g. 
for 'pre-meds' or engineers, but leaves others free to pursue their own interests. The diploma is a 
transcript of  all the courses followed, so future employers can easily find out what students have 
learned (or avoided learning!).

My solution seems obvious, and is illustrated in the figure: in Europe we should move towards such a 
system, and rather than fix a menu with everything we want to teach, offer a smorgasbord with 
everything our students may wish to learn. It would not only prepare students much better for 
today's multidisciplinary challenges, it also combats high failure rates by allowing students to choose 
the level of  difficulty they can handle, while optimizing the attractiveness of  their 'transcript'. 

I also favour a large role for numerical modeling in education. Given the abundance of  public 
domain data, this will allow students not only to learn for themselves by investigating real-life 
problems, but will also help them better understand the very basic math and physics that underlie 
every sub-discipline these days. The major hurdle for this kind of  reform is probably our own 
conservatism, or a certain laziness because change requires effort. 



Funding

The second obstacle is much more subtle. Let us call it outside interference. The Wright brothers could  
invent the first airplane all by themselves with the proceeds of  their bicycle shop in North Carolina, 
but that is rare. In fact, scientists have usually been dependent on outside funding, whether it was an 
enlightened monarch or the National Science Foundation.  In the 19th century, when it was still 
fashionable to amuse the elite with scientific experiments in their salons, the requirement of  a return 
which was of  direct economic value was much rarer than it is today. Today, funding depends on 
what is called 'the expected impact'. 

I often wonder how many of  our bureaucrats and politicians are aware that our world is mostly 
evolving as a result of  totally unplanned scientific discoveries and the activity of  individual 
inventors, not because of  decisions taken by parliaments or committees in the world's capitals. 
Bequerel's discovery of  radioactivity and Fleming's of  penicillin were accidents.  GPS would not 
work if  Einstein had not moved us beyond Newton's laws. If  you visit Thomas Edison's laboratory 
in New Jersey you'll see that he stocked the shelves with exotic materials before knowing what to do 
with them. The transistor was just a funny sort of  resistor, until geophysicist Cecil Green, whom I 
mentioned at the start of  this talk, noticed that it could significantly reduce the weight of  his field 
instruments. As a result, he founded Texas Instruments and became a major maecenas for science. 
The internet came out of  CERN in Geneva, even though CERN's mission is to collide particles and 
has nothing to do with Google or Amazon. The  modern version of  the Wright brothers lives on in 
garages in Silicon Valley, where Microsoft and Apple were born. And these are only a few examples. 

The reality is that the modern world changes with little influence from government, and even with 
little democratic control. Apart from developments that raise ethical questions, that may not be such 
a bad thing - in the real world people vote with their feet, or rather with their purse, what changes 
they find appealing. A few years ago I taught a class 'Geoscience and Society' at the University of  
Nice. I asked the students the following question: if  you were to get today's minimum wage now, or 
before 1900 when it would have been a very comfortable income but before penicillin was invented, 
when would you prefer to live? I was not voting but I was the only one tempted to live in 1880... But 
I have always been a romantic, and anyway, I welcome progress as much as these students did.

Today, every funding organisation has panels that assume we can judge beforehand whether a 
project will have its 'expected impact' or not. It is probably a necessary evil that we should deal with 
as best as we can.  But it would not hurt to give highly active scientists with a proven record more 
freedom to do so-called blue skies research. The MacArthur awards in the US are a good example, 
but there should be more than just a few.

What is scientific excellence?

Finally, and related to the difficulty of  judging the impact of  science, are those strictly bureaucratic 
measures of  excellence, the most ridiculous of  which are the H-index and the ever growing number 
of  university rankings that started with Shanghai's Jiao Tong. We should be very vocal that such 
one-dimensional indices fail to represent the true excellence of  many research endeavours, and that 
there is no alternative to peer review. Our own judgement  may not be failsafe, but there are ways 
(such as always rotating panel members and using international reviewing) to limit the chance of  
mistakes. 

While an emphasis on excellence can stimulate innovation, and be rewarding for those who are the 
true innovators, we cannot all be excellent. That would be a contradiction in terms. A country 
cannot have a world-class soccer team without the minor leagues where young talent grows up, and 



academia is not different from that: everyone has his or her best place in creating an environment of 
innovation. Which does not mean we have a license to be unproductive: we should not hesitate to 
remain very critical of  our own species of  educators and researchers. Too often a reaction to the 
slightest budget cut is purely reflexive and does not take the interests of  the rest of  the nation into 
account. 

We should also recognize that scientific productivity declines with age for most of  us. Instead of  
insisting that job security or 'tenure' means we can block for years the access of  the younger 
generation to academia, we should reform the system so that it becomes easier for older scientists to 
move into other domains: administration, full time teaching, or even political careers. To have a few 
more experienced scientists in the political domain, allowing their opinions to outweigh popular or 
populist misconceptions would not hurt. 

Towards smart bureaucracy

Nor would it hurt to have more smart and 
experienced scientists in the administration. 
For we are witnessing a disastrous growth in 
the bureaucracies that have us in their grasp. 
The figure2 shows that the sector 'senior 
management' in the University of  California 
system grew in 20 years from 2804 to 9457 fte 
(full time equivalents), a growth by a factor of 
3.4; other management, informatics and fiscal 
services grew by a factor of  2.7. This all to 
support a growth of  only 33% in research 
and teaching staff ! While this is California, I 
doubt that is much different elsewhere - the 
fact that such figures are difficult to find 
makes me in fact rather suspicious that it may 
be even worse. The Italian science foundation CNR saw a similar growth spurt starting in 19953.

Of  course, bureaucracy is necessary - an intelligent and flexible bureaucracy can be a great help to 
relieve scientists of  routine tasks that distract from their real mission, which is to be innovative. I 
have experienced such excellent help in all three countries where I have worked, including at 
Geoazur. But I have also witnessed an ever increasing burden of  routine tasks. Who has not 

wondered what purpose there 
is to the forms we now fill out 
almost weekly on the web? 
They are designed for the 
giant screens used by 
administrators and become 
bigger and bigger, the last 
lines disappear invariably 
below the screen of  my 
laptop, such that my 
submission is rejected and I 
spend hours finding out why, 
while I could have filled in a 
paper form in two minutes! 



I am old enough to remember secretaries, in fact I had one who typed my PhD thesis on an IBM 
typewriter that could do the formulas that I wrote out by hand. Although these days I enjoy doing 
my own typesetting with a modern tool like LateX, much of  the administration I do is secretarial 
work that I now have to do myself. Some of  it borders on the absurd: ten years after the airline 
companies began to allow you to print your ticket yourself, the CNRS still asks me to hand one in to 
prove that I actually flew and am not cheating by declaring it twice. The same CNRS forces me to 
declare every month that I do not work on weekends! This is not just a sign of  a sick bureaucracy 
out of  control by the people it is designed to serve, it is an insult to any serious scientist.

Except for the simple advice to replace every three administrators with one smart but aging and 
hopefully wise scientist who can clear the air (which probably would not be accepted by the 
entrenched interests), I am at a loss what to do about this. It is, in effect, the largest obstacle I see on 
the horizon for every scientist. Just browsing the web I found some recent articles showing a negative 
correlation between scientific production and the size of  the bureaucracy in the medical sector. If  
this is true in general, I bet the most interesting discoveries may be coming out of  science financed 
by philanthropy, such as we now see coming out of  the startup world. 

Which allows me to end with a very positive note: the universities in the western world may have 
reached their maximum potential and will need significant reform to remain viable, but the world of 
start-ups, many of  which are engaged in scientific research, offers a whole new horizon for the 
younger generation. All I can say to them is: grab the opportunity while you can, and have as much 
fun in your life as I have had in 45 years as an active researcher!
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