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What is Science?
Karl Popper:  The Problem of Demarcation

1) Easy to look for confirmations of theory

2) Confirmations must be risky

3) Good theory prohibits something

4) Theory that can’t be refuted isn’t science

5) Every test attempts to prove theory wrong: genuine test

6) Confirmation comes only from genuine tests

7) Disproven theories may continue to be useful, but their 
scientific status is lowered.

From Curd&Cover: Philosophy of Science:The Central Issues



What is Science?
Kuhn:  The Problem of Demarcation

1) The majority of scientists do not enter the realm of testing 
laws

2) They do so only in a private manner--trying out new ideas

3) Thus, the majority of science is not like Popper’s idea

4) Instead, it is a process of systematic thinking and puzzle-
solving.

5) Failure of a researcher to solve a puzzle results in blame for 
the researcher--not his tools.

From Curd&Cover: Philosophy of Science:The Central Issues



Oceanographic Language:
Equivalent Barotropic

Barotropic=density and pressure surfaces 
aligned; baroclinic=deviations from alignment

Barotropic and baroclinic are *colloquially* in the 
oceanographic literature as synonyms for depth-
independent and depth-dependent

Equivalent Barotropic is the term for a moving 
set of upper layers over a motionless abyss--it 
*can’t* be barotropic!

Even worse--Meteorologists call something else 
equivalent barotropic! 



Oceanographic Language:
Equivalent Depth

Equivalent depth is the depth of a hypothetical 
homogeneous-density layer with a gravity wave 
speed matching the internal gravity wave speed 
of a mode of a stratified system.

However, the *actual* depth--vertical scale--of 
the internal wave is *not* the equivalent depth

So, isn’t it just easier to use the speed of the 
internal wave?



Oceanographic Language:
Article Length

Word limit: J. Phys. Oceanogr.: 7500 words

Word limit: Phys. Fluids: None

# pages average in last JPO: 16 (>7500 wds!)

# pages average in last Phys. Fluids: 13



Oceanographic Language:
Few Equations per Article



Oceanographic Culture:
Days of Yore



Oceanographic Culture:
Beginnings of Modernity

The Scientists vs. the Crew--Bernard & 
Killworth

There is now a cultural divide between 
oceanographers and mariners

Mariners are Navy--organized, neat, 
hierarchical

Oceanographers are scientists--erudite, 
erratic, reliant upon talent not order.



Oceanographic Culture:
Beginnings of Modernity

From Bernard & Killworth 73
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Oceanographic Culture:
Beginnings of Modernity

From Bernard & Killworth 73

Scientists

Crew

Technicians

Captain & 1st Mate



Oceanographic Culture

From Bernard & Killworth 73



Oceanographic Culture:
Persistently Salty, though



Oceanographic Culture:
Persistently Salty, though



Oceanographic Culture:
Persistently Salty, though



Oceanographic Culture:
Persistently Salty, though



Oceanographic Culture:
Persistently Salty, though



Oceanographic Culture:
Persistently Salty, though

In 1961 Val [Worthington] became Ambassador to 
the Court of St. James from the Society of 

Subprofessional Oceanographers (SOSO), a three-
member group which included Henry Stommel as 
President and Fritz Fuglister as Acting President. 
According to Fuglister, Val had shown him a story 
in a ONR newsletter about a new laboratory in 

Europe that was to be staffed by eight Ph.D.s and 
fifteen subprofessionals. “That is what we
are,” he said to Fuglister, “subprofessionals.” 

Fuglister noted “I had to agree with him. By the 
same token, we both realized that it made 

Stommel and other subprofessionals an astounding 
thought!...”



Oceanographic Proof:
Stories vs. Hypotheses

So evidently what one would have to do very soon -- and it 
is quite obvious that a lot of people have started to do that, 
fortunately -- would be to develop a physical theory of the 
thermocline, how it originates. Well, you will remember, 
some people have started on that and some have apparently 
even been successful in describing and forecasting the 
development of thermoclines. It seems to me that this 
would be the most fruitful approach to the whole problem, 
namely, to develop a theory, at first as simple as possible of 
course, and then see how it checks with the data.  Then,  
as you find the theory does not work, you would either 
reject the whole theory or make it more elaborate.

--B. Haurwitz, Conference on the Thermocline, 1953



Oceanographic Proof:
Models vs. Hypotheses

A cynic’s view of the process of model refinement (and 
tuning) is:

1) Build a model on approximations of sound physical 
principles.

2) Evaluate the biases of the model

3) Violate the sound physical principles

4) Evaluate the biases of the model

5) Repeat steps 3 & 4 until ‘success’ is reached.



The standards are getting 
better, thanks to you!
It is now common for grad students to have 
an appreciation of:

Statistics

Nonlinear dynamics

Numerics/Model errors

Also, data density is increasing, so:

The temptation to ‘read’ the data beyond 
what is present is decreasing.



Floats Change Everything

pdf version 1.0 (December 2001)

The oceanic pressure field 17

inside a frame, with 12 or more bottles around it (Figure!2.2). The water samples collected

in the bottles are used for calibration of the CTD sensors. In addition, oxygen and nutrient

content of the water can be determined from the samples in the vessel's laboratory.

The CTD developed from a prototype built in Australia in the 1950s and has been a

major tool of oceanography at the large research institutions since the 1970s. Two decades

are not enough to explore the world ocean fully, and regional oceanography still has to rely

on much information gathered through bottle casts, which produce 12!-!24!samples over

the entire observation depth and therefore are of much lower vertical resolution. Although

bottle data have been collected for nearly 100 years now, significant data gaps still exist, as

is evident from the distribution of oceanographic stations shown in Figure!2.3. In the deep

basins of the oceans, where variations of temperature and salinity are small, very high data

accuracy is required to allow integration of data from different cruises into a single data set.

Many cruise data which are quite adequate for an oceanographic study of regional importance

turn out to be inadequate for inclusion in a world data set.

To close existing gaps and monitor long-term changes in regions of adequate data

coverage,  a major experiment,  planned  for  the  decade 1990!-!2000,  is under way.  This

World Ocean Circulation Experiment (WOCE) will cover the world ocean with a network

of CTD stations, extending from the surface to the ocean floor and including chemical

measurements. Figure!2.4 shows the planned global network of cruise tracks along which

CTD stations will be made at intervals of 30 nautical miles (half a degree of latitude, or

about 55!km). As a result, we can expect to have a very accurate global picture of the

distribution of the major oceanographic parameters by the turn of the century.

Because of the need for a global description of the oceanic parameter fields, researchers

have  attempted  to  extract  whatever  information  they  can  from the  existing  data base.

Fig.!2.3. World wide distribution of oceanographic stations of high data quality shortly before

1980. Unshaded 5° squares contain at least one high-quality deep station. Shaded 5° squares

contain at least one high-quality station in a shallow area. Black 5° squares contain no high-

quality station. Adapted from Worthington (1981)
Last update 22/08/2005

© Coriolis

 

THE PROJECT

DATA SERVICE

DEPLOYMENT

INSTRUMENTATION

ACQUISIT° FROM RESEARCH VESSELS
APPLICATIONS & PRODUCTS

  Home > data service > argo

geographic map
 

 
Active floats All floats

 : temperature and salinity profiles                 : temperature only profiles

geographic map http://www.coriolis.eu.org/cdc/floats/cdcFloatsMaps.asp

1 of 1 8/22/08 3:21 PM

ARGO FLOATS
Measuring NOW!

ALL Subsurface DATA
Before 1980

100,000 CTD Casts/Year!! Reid & Mantyla ’94 
has 10,000 casts.



Conclusions

Is Oceangraphy Science? Yes.

Is it maturing, as physics did? Slowly, yes.

Should it mature? Probably.

Will something be lost? Yes.


