
R E V I E W  & C O M M E N T  

OCEANOGRAPHY THE NEXT 50 YEARS 

By John A. Knauss 

The convenors of the Fifth International Congress on the History of  Oceanography thought that it might be an interesting change of 
pace, after nearly two weeks of  discussing the past, to have someone talk about the future. This is a shortened version of  that talk. 

I N  PREPARATION for this talk 1 spent  
some t ime reviewing the past. What  has 
happened in the last 50 years and why? I 
also asked myse l f  the question: should a 
reasonably astute young man coming into 
the field at the end of  World War  II (as I 
did)  have been able  to pred ic t  what  we 
see around us today? I bel ieve  he might  
have  got  some of  it r ight  but he would  
have mis sed  a lot and the d i f fe rence ,  I 
believe, is illuminating. Many of  the fun- 
damental  quest ions are the same now as 
then. How old is the deep water?  Wha t  
con t ro l s  s p e c i e s - s p e c i e s  i n t e rac t ion?  
Wha t  are the p rocesses  that control  en- 
ergy and particle transfer at the ocean-at- 
mosphere interface? How does one inter- 
pret the climatic and geological  history of  
the earth from deep sea cores? 

The status of  some  i ssues  is l i t t le  
changed .  W a l l y  B r o e c k e r ' s  " c o n v e y o r  
belt", which traces the path of  water from 
the Atlantic to the Pacific and back again, 
is not all that different from the pathways 
that Sverdrup hypothes ized 50 years ago 
in his famous Chapter 15 of  The Oceans. 
The problems of  dealing with inhomoge- 
neous  d i s t r i bu t ions  of  o rgan i sms ,  or 
pa t ch ines s ,  r ema in  a lmos t  as d i f f icul t  
today as they did for Alister  Hardy when 
he first posed the problem before  Wor ld  
War  II. 

On the o ther  hand, some fields have 
ch anged  d r a m a t i c a l l y .  F i f ty  yea r s  ago  
deep sea echo sounding was jus t  begin-  
ning. Except  for the few dives of  Beebe 
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and Barton in the bathysphere, no human 
eye had peered  far beneath  the surface.  
Equa l l y  impor t an t ,  no one had pho-  
t og raphed  the bot tom.  T o d a y  we know 
about  sp read ing  centers ,  h y d r o t h e r m a l  
vents ,  s u b m a r i n e  c a nyons  that  can be 
t raced  hundreds  of  mi les .  No th ing  ex-  
presses  the d i f fe rence  more  g raph ica l ly  
than a typical  Carte Bathymetrique of  50 
years  ago based on lead line soundings,  
and the modern mul t i -beam bathymetr ic  
charts of  N O A A  and other groups. Many 
of  the ques t ions  that  mar ine  geo log i s t s  
are asking today were beyond our abil i ty 
to formulate 50 years ago because we did 
not know such phenomena existed. 

The  d i f f e r ence  is t e chno logy .  Wha t  
makes  oceanog ra phy  today so d i f ferent  
f rom what  it was 50 yea r s  ago are the 
tools  we have  at our  d i sposa l .  W h e r e  
technology has contributed,  progress has 
been made.  The fundamenta l  ques t ions  
may be the same, but they are better for- 
mulated and the range of  uncertainty has 
l e s sened .  W h e r e  t e c h n o l o g y  has con-  
tributed little, progress has been slow. In 
b io log i ca l  o c e a n o g r a p h y ,  for e x a m p l e ,  
the nets we tow are at most first cousins 
of those we had half a century ago. What  
has changed is that our new microscopes 
al low us to look at ever  smal ler  species. 
There  is much more out there to under-  
stand than we knew about half  a century 
ago. 

I bel ieve the key to a successful fore- 
cas t  50 years  ago  would  have  been to 
forecast  the advances in technology,  and 
1 be l i eve  that  p r e d i c t i ng  co r r ec t ly  the 
t echno logy  of  the future is the key to a 
successful  forecast  of  where oceanogra-  
phy wil l  be in 2043. How much o f  
today ' s  technology might have been fore- 
seen at the end of  W o r l d  W a r  l l?  I be- 
l ieve some could  have been but not all, 

and again the d i f f e rence  be tween  what  
might have been foreseen and what not is 
illuminating. One might have forecast the 
CTD, the various instrumented anchored 
and f loat ing buoys ,  the smal l  r esearch  
submar ines ,  and the inc reased  use of  
sound for transmitting information. These 
are all  improvemen t s  on oceanograph ic  
technology that existed in some primitive 
state 50 years ago. 

Wha t  l b e l i e ve  could  not  have been 
fo reseen ,  at leas t  by s o m e o n e  in the 
oceanographic community ,  is technology 
from outside oceanography,  for example  
satell i tes,  computers ,  and microelectron-  
ics. Fi f ty  yea r s  ago it was d i f f icu l t  to 
make  many  c h e m i c a l  m e a s u r e m e n t s  to 
par ts  per  thousand .  I very much doubt  
that even the most imaginative chemist in 
1943 could have predicted measurements 
in parts per billion and even parts per tril- 
l ion, and often made more rapid ly  than 
those of 50 years ago. 

The technical revolutions in analytical 
chemis t ry ,  computers ,  microe lec t ron ics ,  
etc., have often contributed more to what 
we now accept  as part of  the oceanogra-  
pher 's  tool box than have the advances we 
have made in t radi t ional  oceanograph ic  
technology,  and I have no reason to be- 
lieve that process will not continue. Fifty 
years from now we will be monitoring the 
ocean in real t ime as the meteorologis t s  
now do in the atmosphere.  We will have 
sa te l l i tes ,  an ocean  covered  with buoys  
both anchored and floating, and untethered 
remotely operated vehicles. We will have 
a vast  ar ray of  ins t ruments  a long our 
coasts to monitor pollution and the general 
heal th  of  the ocean.  Advances  in s ignal  
processing will increase further the use of 
underwater sound for the transfer of infor- 
mation within the ocean. The ocean will 
be less opaque than it is today. There will 
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still be research vessels, but they will sup- 
ply an ever-decreasing share of the infor- 
mat ion that oceanographers  will  use to 
study the ocean. 

By the standards of  50 years ago, the 
data stream of 1943 has become a raging 
torrent,  but 50 years from now I expect  
our future colleagues will be hard pressed 
to understand our concern. They will be 
able  to ass imi la te  and manipu la te  their  
much larger data stream with more skill 
and ease  than we can today.  They  will  
have compute r  models  for near ly  all 
oceanic processes, and those models will 
be continuously tested against an array of  
near real t ime data that we can scarcely 
imagine today. 

These  types  of  fo recas t s  are fa i r ly  
easy to make. One needs only to extrapo- 
late from what we see around us today.  
Wha t  I find more  diff icul t  is to foresee  
the i m p l i c a t i o n s  of  advances  in o ther  
fields. Will  advances in composite  mate- 
rials t r ivial ize the s t i l l - formidable  prob- 
lem of working at great depths? Will  we 
f inal ly  have  a ba t te ry ,  or  o ther  energy  
storage device, that will allow us to keep 
our  ins t ruments  un tended  in the ocean 
for years at a t ime? I expect  the answer 
to both of  these questions is Yes. But if 
the past provides any clues to the future, 
I be l i eve  we can expec t  severa l  
s ignif icant  technica l  advances  in fields 
far r emoved  from the p resen t  oceano-  
g raph ic  hor izon.  I have  no idea  where  
and what these will be, but I expect them 
to have a significant impact on the devel- 
opment of  future ocean technology. 

F ina l ly ,  it is necessa ry  to address  a 
tacit assumption. Oceanography has been 
very well  supported these last 50 years. 
Wil l  that support continue? If it does not, 
then progress will be slower and the next 
50 years  may have cha rac t e r i s t i c s  
s ignif icant ly  di f ferent  from the last 50. 
S i m p l e  cu r ios i ty  has a lways  been one 
reason for supporting oceanography, and 
I fully expect  it wil l  provide  some base 
level of future support, but oceanography 
is an e x p e n s i v e  field sc ience .  I f  there  
were no compel l ing  social  or economic  
reasons for learning about the ocean, the 
ef for t  today  wou ld  be s ign i f i can t ly  
smaller than it is. Fifty years ago the pri- 
mary reason for the support of  oceanog- 
raphy was the mi l i ta ry ;  f isheries  was a 
poor  second.  La te r  came  o f f - shore  oil  
and gas and concern about the health of  
the coastal environment. Most  recently it 
has been the role of  the ocean in climate 

change, from forecasting the El Nifio, to 
detecting global warming, to understand- 
ing the role of  the ocean in sequestering 
carbon. 

All  have contributed to the support of  
o c e a n o g r a p h y ,  but  the most  impor t an t  
has been the mil i tary,  both in the direct  
support of  oceanography broadly defined 
and in the suppor t  and d e v e l o p m e n t  of  
technology  which oceanographers  have 
adapted for their own uses. Will  that sup- 
port continue? The government plan is to 
maintain a high level of research and de- 
ve lopment ,  even as exis t ing forces  and 
weapon systems are reduced. If this plan 
holds, it will be the first time in the his- 
tory of  this country,  and perhaps of any 
country ,  when the t ransi t ion from war- 
time, or near war-time, to peace has been 
conduc ted  in a ra t ional  and sys temat i c  
manner. History does not suggest that the 
present plans will hold, but neither does 
h i s tory  sugges t  that we wil l  en joy  50 
years  wi thout  mi l i t a ry  threat .  I expec t  
there will continue to be military support 
for oceanography  in the next  50 years ,  
but  I a lso expec t  that p ropo r t i ona l l y  it 
will be significantly less than it has been 
in the past. 

However,  I do not expect  that the re- 
duction in mili tary support  for oceanog- 
raphy, even if that reduction should con- 
tinue for the next half century, will result 
in a significant reduction of total support. 
Unlike some of my colleagues I continue 
to be bullish about the future of  oceano- 
graphic  research.  Let  me list those rea- 
sons: 

1. Concern about ocean pollution and 
the health of  the ocean will  continue to 
grow. An ever  higher  percentage of  our 
expand ing  popu la t ion  wil l  be l iv ing  in 
coas ta l  communi t i e s .  We  will  become  
bet ter  at r ecyc l ing  our wastes ,  and we 
will spend more money in protecting our 
env i ronment ,  but  soc ie ty  will  want  to 
know how well we are doing, and that re- 
quires research in a very complex  envi- 
ronment. 

2. For  a wea ther  forecas t  of  a few 
days, one can safely ignore ocean-atmos- 
phere interactions and treat the ocean sur- 
face as a boundary condition. Most work- 
ers be l i eve  that changes  in the average  
c l imat ic  condi t ions  from one decade  to 
the next are most ly  regula ted  by the 
ocean. The recent success in understand- 
ing the ENSO phenomena  suggests  that 
we may be on the threshold of  a deeper  

and richer understanding of  the ocean-at- 
mosphere system. With that understand- 
ing will come the abili ty to make mean- 
ingful forecasts of climate variability. The 
possibi l i ty of  generating useful forecasts 
of  next y e a r ' s  average  tempera ture  and 
rainfall (say a 70% success rate) would be 
of  such economic  s igni f icance  to the 
world that this program alone would gen- 
erate sufficient support for oceanographic 
research and t echno logy  deve lopment ,  
more than compensating for any reduction 
in military support. 

3. For  some years  there  have  been 
ene rge t i c  and of ten pe r suas ive  p ropo-  
nents for  one or another  economic  use 
of  the oceans in addi t ion to t ransporta-  
tion, fisheries, and oil and gas. l expect  
that before 2043 one or more of  the fol- 
l o w i n g  wi l l  be an e c o n o m i c a l l y  
significant ocean resource:  marine phar- 
maceu t i ca l s ,  the min ing  of  manganese  
nodules  and crusts ,  ocean thermal  en- 
ergy,  and the use of  the seabed or sub- 
seabed for the disposal  of  certain kinds 
of  non- recyc lab le  waste material .  Each 
requi res  a s igni f icant  research  c o m p o -  
nent. 

4. I expect we will see a dramatic in- 
crease in marine archeology in the next 
50 years. I am impressed with the tech- 
nology now available, but 50 years from 
now we will look back at this period as 
the primitive beginnings. 

5. I side with those scientists who be- 
l ieve  inc reased  g reenhouse  gases  wi l l  
cause s ignif icant  g lobal  warming.  1 am 
not convinced that significant mitigation 
on a g lobal  basis  is a po l i t i ca l ly  v iable  
option. If I am correct then environmen- 
tal sc ience  wil l  have an ever  more  im- 
por tant  role  in the next half  century  as 
we attempt to predict the future and learn 
to adapt .  One example :  as the ear th  
warms and sea level rises, do we move 
back from the shore, or do we adopt the 
Dutch approach  and bui ld d ikes?  i f  we 
adopt the latter strategy, how do we pro- 
tect wetlands? 

For  the above  reasons ,  and others  1 
am certain will appear, I expect  that any 
s lack in oceanograph ic  research gener-  
ated by reduced mili tary support will be 
taken up by other  social  and economic  
needs. I expect  the oceanographic enter- 
pr ise  of  50 years  hence  will  be larger ,  
more broadly based in terms of  support,  
and address ing  a wider  range of  topics  
than we do today. 
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