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ORGANIZATION AND WORK OF PHYSICAL OCEANOGRAFHY
DIVISION III, MARINE LIFE RESEARCH

Objestives of the Program

The objectives of Division III, Physical Oceanography, may de
stated as followe:

1. %o observe the iime and space distridution of quantities
which are suspected of deing significaant in the study of
marine l1ife off the west coast of North Ameriea.

2. To eorrelate the warious quaatities, with the help of
the other diviestions of Scripps Institution of Oceanc-
grephy, in order o determine wvhich are the most
significant.

3, To study the wariations of thess physical quantities
in an effort $o determine the reascns for the varistions.

4. To develop methods for foreensting the wariations.

Observations and Qeneral Office Procedures

The program of obessrwatiens includes 122 hydrographiec stations
per month during eight months of the ysar and aa estimnted 80 stations
per month during the rémainder of the year. Ter sach of these stations
1% 1s planned to prepare Semperature-depth, salinity-depih, aad -8
disgrams; %0 compute dysamie height: %o list meteorclogical data; and
%o determine geogrmphical position. The 122 stations will de distri-
Puted over an area of 670,000 square miles. For this area isolines of
Semperature, salinily, exygea. dynanie height, and density will be pre-
pared for the surface and various coastant depth levels, Also the
bathynetry of surfaces daving sertain constant properties will de

; For sach hydrogrephic station thers vill be thirteen Hamsen
dostle ovservations, Thus, thers will be 1,560 such ohsexvations per
aoudth., JFor each of these 18 vill be necessary to determine %he true
water Semperature, the salinity, the dspih, and the density. Ia spite
of the large number of bottle observations, each represents the only
nonthly sasple from a velume of some 230 gcudiec miles of water. Thus,
considerable extvapolation and interpolation will de nesessary te
deseride space and time distriduticas.
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There will de three reversing thermometers attached to each
dseper Eansen bdotile, one for the determination of depth and two for
temperature determination. This makes 2 total of about 4,000 tempera-
ture readings monthly, each of which must be corrected because the
femperature at wvhich the thermometer is read h different from the
Semperature at vhich 1t was reversed.

There vwill bde approximately 500 dathythermograph observations per
month. One will be odtained at each hydrographic station by fastening
the dathythermograph on the wire with the Nansen bottles. Three other
ebservations will be made between each pair of hydrographic stations,

In addition to the above, other types of obeervations are either
necessary or desired. Yor example, some satisfactory means of measur-
ing the trensparency of sea water should de developed and used.

Once a set of odservational data are complete, eorrelation of the
various quantities may be initiated. REach of the divisions in the
Marine Life Ressarch Program may be able to point out whish of the
particular physical factérs are significant in the work of that division.
At the present time there appears $o be ne question bdut that temperature,
salinity, pressure, light intensity, current direction, and current
speed are important. Therefore, the Division of Physical Oceanography
is deginning a study of the variations of thess quantities.

g_:]anlutlon of the Divielon

The staff of the Divisisn consists of two occeancgraphers and one
assistant oceanographer. BEach of these has bad professional training

- -and practical experience in meteorology as well as in oceanography.

Their task {s to administer the progrem, to divise methods of odtain-

ing the scientific odjectives) to supervise the nomprofessional employees
in the routine work of the Division, to keep abreast of developments in
the fleld of coeanography and other pertinent sudbjects, and to carry out
speeial investigations.

Thare are at present four full-time nonacademie office personnsl;

1. A senior enginesering aid whose work is to supervise and
%o maintain a high standard of accursoy and efficiency
in all computational work and in plotting. Fe asaists
in the development of forms and procedures, and he in-
veatigates scientific material in the German language
conserning each topic which becomes important to the
Division.

2. A statistioclan whose main jod s to assist in the :
.statistical vork which arises in the special investi-
gations, She alsc carried out computations associated
with the routine part of the program. In addition, she
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sets up and maintains the teehnical files of the Division,
devises methods of presenting data in reports, and super-
vises the typing and reproduction of technical material
as carried out by clerical personnel.

3, A meteorclogist vhose main assignment is to analyse the
charts which are plotied under the supervision of the
senior englneering aid, i.e., %o drev isclines of tempersa-
ture, salinity, oxygen, demsity, ete., on horisoatal and
vertical sections: %o assist in computstions of a non-
routine mature involving the use of advanoed mathemstics;
and to assist in typing Sechnical material.

4., A draftaman vhoss duties are to prepare illustrations,
mape, charts, and graphs for reproduction; to enter the
scales and headings; and to design efficient layout
pethods. She also asiists with computation of the data
to de used in the {llustrations and with repreduction
of the data to De used in the illustrations aad with
reproduction of reperis.

In'sddition $o the full-time nonprofessional persomnel there are
twelve marine $schnicisns who will work approximately half time with
the Division of Physical Oceanography %o carry out the necessary com-
patations in prepariag ebservational data for distribution.

The routine $yping and secretarial work is to be done by a speecial
group outside the Division. If the data desired by other agencies
interested in the Program ars to De made awailable to them, the typing
sach month will invelve reprodustion of tadles heving over 10,000
sumeryical entries.

Tralning Progres

Betveen the time that the personnel were hired for the respestive
positioas described above and the time that routine survey vork at ses
was initiated, a training pregram vas carried out. The purpeses of
$his training program vere threefédd: \

1. To improve the quality of observaticaal date. This vas
dene by giving the marine techaiclans, vho are sea~going
observers, a thorough training ia the interpretatios,
recording, and analysis of the quantities to be observed
so that they will understand the degree of ascurscy
required in the observational data.

2. To prepare an ovganisation which can efficiently work wp -
the first set of data as soon as it desomes awailadle.
This involved wverking up data which were already awail-
adle, learning the methods which were employed, and
becoming skillful ia $heir applicatioa.
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3. To oarry eut specisl studies bdased on data which are nov
available in order to obtain results vhich may de immediately
useful .

The treining program included:

a. Mmithc protected and unprotected thermameter
readings $0 odtain trus water temperature and

depth.
®. Computing of densities and dynamic heights.
¢. Reading and plotting bathythermegraph data.
4. Learning the classifications of ceeanographic
and meteorclogical phenomena and the codes by
vhich they are desorided.

e. Preparing and using graphs involved in ¢
various computationms. :

f. Learaing methods for determining ship's
position,

&. Plotting various kinds of dala.

Work at Sea

The erganization of the Division's work at sea depends wpon
availability of ships and upen the plans of the other divisions engaged
in the Marine Life Research Program. This work will not be discussed
further i{n the present report.

0ffice Forms, Materials, and Metheds

VYaricus forms for use on shipboard and in the office have bdeen
deaigned and printed on transpareat paper so that coples of the original
data may be odtained readily by osalid or photographis reproductien.
Thus, the data will de available %0 any division; 1% will be unnecessary
%0 spend large amounts of time copying informatien; errors im copying of
forms will de eliminated; and the origisal records may be stored in a
fireproof vault for safe keeping, all the work being done from coples of

these originals.

Wherever possi dle, forms have been designed on standard &% by 11
sheets so that they may de entersd in regular files or ia loose-leaf
notedooks. Forms have been adapted %0 the methods of computation vhich
are to De used. Bamples of Forms 1 through 5, vhich have been completed
for a typlocal station, are attached.
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The materials which vill be needed dy the Divisiocn in carrying out
1%s work, and whiech include drafting supplies, dooks, office equipment,
base maps and gharts, computing forms, a Sund slide rule for computation
of dynamic heights, reproduction supplies and miscellaneous materials
have Deen ordered.

Arrangements vere made for the calidration of reversing thermometers.
Mr. Reld visited Woods Hole Oceanographic Imstitution where he calidrated
fifty-one Shermometers, studied the calibration system, and dlscussed
pertinent prodlems with members of the Woods Hole staff,

Twoe teohnigimns carried out thermometer calidrations in the
Qosanographis Branch, U. 8., Navy Rlectronics Laboratory. It 1s expected
that FEL will cooperate with 510 in devisiag ealibration equipment wvhish
i3 more satisfactory than that now in use at NEL,

Por protected tharmometer oimeuon a modifioation by Klein of a
graph designed by Bilert Theisen™, Bergen, Norway, bas been adopted. A
graph has been prepared for each thersometer. %o use thess grephs, it
is necessary to gma only the point where the proper curve of a family
of curves for § < intersects the straight line having the proper value
of T and to measure dy means of & sliding ¥ scale the distance from
this point %0 a line showing the thermometer index correction. When the
index eorrection is larger tham 0.1, it may de necessary %o enter the
greph with T + I rather than with T alone. Whether or not this actually
1s meceasary can de quickly determined dy reference to & small greph
shoving the effeot of I wpon T.

The station plan for the initial cruises, which is included in the
appendix of this report, was designed on ths basis of biological as well
as physical considerstioms. Its purpose is to Cover as large an area as
possidle in a uniform manner. The size of the area is determined by the
time that the ships may bde at sea. The stations have deen laid off at
intervals of approximately forty miles along lines spaced 120 miles
apart, On the dasis of observations carried out at these positions cer-
tain regions may turn out to be critieal and others o be of little
interest. The pattern of statione may then de revised to give an
proved observational network in the critical regioms. :

It has been decided %0 place observations at depths 0, 17, 20, 0,
”. Ts. 1no, 1”| 00, Y9, » . 900, and 1,200 meters. Data will
be tadulated at depths recommended dy the International Assocciation of
Physical Oceanography’ using omly levels up to 1,000 meters.

I!hinn. Eilert, "gcorrection of temperatures and a handy way of making
eorrection charte for reversiang thermometers," Fiskeridirekioratets
Skrifter (Report on Norvegian Fishery and Marine Tavestigatlons).
YIIY. 5, A.s John Oriegs Boktrykkeri, Bergea. 1947.

zlmdnp. K. U., "Note on the gcorrection ef reversiag thermometers,'
Sears Foundation Journal of Marine Research, VI, 2, 1947.

3sverdrup, K. U., M. ¥, Johmson, and R. B, Flening, The Oceans, Their

Physics, Chemistry, and Gemeral Biology, Prentice-fall, Ins.,
Yov York, 1942, p. BI. =
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Of the availatle methods for determining specific volume nﬂnuly
and dynamic heights one similar $o that desorided by Oscar Sund’ seems
to be most satisfactory. The Division has organized data for plotting
such a graph on rectangular coordinates showing iscpleths of tempera~
ture and having linear scales for salinity as ordinate and also for
105 s, 7 88 abscissa. The abscissa 1s marked aleo with a nonlinear
scale of sigma-t. Yor the runge of salinity with which the present
study is chiefly concerned (32.70 to 34.70°/00), the graph is particu~
larly simple to construct and $o use. Mr. Reid has shown analytically
that straight lines may de substituted for the isopleths of temperature
without a loss in ascuracy of more than & 3 units in the seventh deci-

mal place.of specific volume.

The linearized transformation of the original Knudsen equations
has been used to determine the position of each isotherm. The com-
puted values for use in constructing future graphs have been tadulated
since the original graph will not be readily adaptadle to photogrephic
or other reproduction. OCol. P. H. Ottosen offered a suggestion whish
was adopted for computing the pressure correction $o0 specific volume
anomaly,

The Sund slide rule’ is possidly an improvement over the graph
Just described. Both the graph and the slide rule were designed by
Sund, and it was his conclusion that the slide rule was the more precti-
eal of the two. KHowvever, delivery on the rule cannot de made in less
than six months, and therefore the Division proceded with the conetruc-
tion of the graph.

The decision to use the methods described here was based upon a
thorough study of the literature and upon comparative ftests using the
various methods available. The factors affeoting the decision vere
degree of accuracy, speed of computation, and suitabdility $¢ long-
continued apvlication with minimum fatigue to the ocomputer,

A.nslpil of Availadble Data

A large obeervational program has been planned for Marine Life
Research. Also there are considerable data already availabdle which
will contridute to this program. These data have been used in the

ism. Oscar, "OGraphical oalculation of specific volume and dynamie
height,* Journal du Conmseil, I, 1, Copenhagemn, 1926, pp. 235-2kl.

58und, Oscar, "An oceanographical slide rule. A newv apparatus for
caloulating oceanographical data." Jouwrnal du Conseil, IV, 4,
1929, pp. 93-98.
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development of methods for handling the new observaticnal material. They
serve to builld up a eclimatolegy which will maks the subsequent observe-
tions more meaningful. They provide information which will aid in deter-
nining the nature of the program which should be carried ocut in the future,
and their organisation and analysis will provide valuable $raining and
practice to the Divisien.

During cruises of the E. ¥. SCRIPPS and other wvesséls in 1937
through 1941, data quite similar to those which will be obtained on the
Marine Life Researeh Program were collected. These data, however, repre~
sent A consideradbly smaller area, and the time soverage was not as com-
plete as that planned for the new program. Although several studies have
been made based on these data, their potentialities have deen by no means
exhausted.

Ia 1937 Sverdrup and Fleming studied the relationship between the
winds in the region off Sam Franciseo and the ocean curreats. They ocom=-
pauted the amount of upwelling. Gimilar studies should be carried out
for the other years represented dy the observational mmterial. Mr. Horrer
and Miss Melatchie Jave initiated such a study.

It it desiradble to summarise the results of eruilses made during the
1937=41 period so that the predominant and semi-permisent features of the
cireulation ¢an be easily shown. For the case of dynamie topography $his
has been done by making use of oceanographic eocordimates. This is a
method of averaging which retains the significant features of a shifting
pattern of isolines. All available crulses have beem included in the
averages, and the final result is a set of five charts representing the
dynamie topogrephy in different parts of ths year.

The five years of data available may be used to determine averages
and variations of the different physical quantities, to study She effeect
of wind stress at the ocean's surface, to provide material for deteramin-
ing the amount of upwelling whigh cecurs, and possidly to indicate the
effect of dottom friction upoer thes current system.

For many years dally observations have been made A} certain fixed
points near shore under the mpervision of Dr. G. F. Nolwen., These
observations are available. DBecause of their coatinuity in time, vhan
used together with the hydregraphic cruises vhich vere made at interwals
of approximately six weeks, the daily shore cbservations provide awail-
able information as to the time when certain changes cocurred. Shore
observations are available for the following statioast

Soripps Pler, 1916-48

Balbea Pier (Newport Beach), 192%-4E
Point Hoeneme, 1919-48

Pacific Grove, 1919.48

North Farellon Island, 1926-42
Blunt's Reef Lightship, 1923-41
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The stations vhich are nov in operation and are regularly submitting
data to the Soripps Institution are:

Soripps Pler
Baldoa Pler
Point Huensme
Pagifie Grove
San ¥icolas Island
* Point Mugun

I8 is hoped that arrangements may de made so thet observations will de
available from the Parallen Islands, Blunt's Reef Lightship, and possi-
dly Santa Cataline Island and Anscops Island. In order %0 provide the
most complete pieture of the region umder consideration, these stations
should be in operation, if at all feasidle, during the tine that regular
hydrographis oruises are bdeing made. This would make it poesidle %0 in-
terpret the shore-station observations in terms of the ocesnographie
changes offshore. It might then be possidle at times, wsing the shore-
station odservations vhen there are no hydrographic surveys, %o nake
“Mumu congerning the nature of the changes vhich are taking place
fshore.

Shore-station cbservations may de amalyzed to determine the nature of
the variations which oecur. Due to the complisating effects of irregular
votteam Sopography in shallov water, the variations are more complex thaa
those further at sea. FHovever, they have biclogical significancs.

Tor each of the shore stations which are novw submitting daily
obeervations base charte have been prepared shoving for each day of the
year the mean value of sea-surface temperature, the value whish oecurred
in thet month having the lowest monthly average. These dase charts then
indicate the means, the ranges, and the nature of the day-to-day waria-
tions which occur at the various stations. As nev observations are
reported, they are plotted upon these dase charts sc that the present
trends may Dde compared to the climatology. :

Diagrans have been prepared for the wvarmest and ooldest months of
$he year for esch station shoving the frequeancy with vhich warious tem-
persture valuss were observed. These diagrame vere prepared for each
month of the year at the Soripps pier. The standard deviations, the
peakedness, and the skswness of the frequency distridbution have deen
somputed, These values change in & systematic fashion throughout the
year. The study may thus aid in predicting the variability of tempera-
ture which will ocour in a given month.
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Special Projects

In order t0 ansver requests from other divisions aad to previde
results required for effisclently earrying out the routine work of the
Division of Physieal Oesanography, cersain special projects have deea
{nitiated. Bome have deen drought to cempletion. Those which have

1.

12,

13.

~ been ocarried as far as avallable data permit are:

A study of the ranges of temperature and salinity
in the area to bds surveyed.

A transformation of the Knudsen equations into a
linear equation glving sigma~-% in terms of
temperature and salinity.

A study of the daily observetions at fixed shore
stations.

Caleunlation of the change of vertical pressure
gradient with depth,

Reviev of literature on upwelling along the
California coast.

A stuly of bYuoket temperatures cbtained near shore.

An attempt to estimate the amgiint of wpwelled water
in certain regiomns,

A study of bucket temperatures odtained near shore.

A dlstridution of average tempersture at 30 melers
depth.

A dletridution of average temperature $hroughous
the layer 0 %0 50 meters.

Calidbration of reversing thermometers for index
error and eorrecticn parameters.

Determination of pressure factors for unprotected
therpometers and study of thair reliability.

Design sad development of methods for determiaing
Wittt ‘helght and for thermometer eorrection.
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Other special studies which have been initiated are:

1. Determimation of methods for ascertainiag light intensity
and for finding i%s relationship to cloud cover,

2. Analysis of wind siress off the Califoraia coast as
related to the ocean-current pattern. .

3. MNainteaance and generation of anti-cycloniec eddies.

4§, The use of dathythermograph odservations as a
supplement %o Nansen bottle data.

5. Determination of wire lengths needed to obtain desired
Nansen bottle depths.

6. Bxamination of the three-dimensional structure of
wind-driven currents in & barcclinic ocean.

7. Adaptation of IBM methods to dynamic height
oo-putat‘ion-.

8. The design of pmctical reports to be made avellabdle
regularly to the fishing industry.

9. Determination of the depth to which observations
should be made.

10. Computation of currents in shallov water.
11. Design of calibration tank for reversing thermometers.

12. Investigetion of accurecy of the numerical method of
{integration of dynamic heights now employed.

13. Study of the accuracy of the correction forsula used
to adjust reversing thermcometer readings.

14. Study of the thermal response of protected and
unprotected reversing thermometers and the significance
of thermometric depths at the thermocline level.

I% eannot be expected that all of these special projects may be brought
to completion. Many of them involve prodlems whiolt are extremely com-
plicated and it can only be hoped that some progress oan be made.
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1% can be seen from the adove that the Divisien of Physical
Oseanogreaphy has deen set uwp in sush a mamner A% to handle the routine
somputational work and also to provide some personnel for imvestigation
of special prodlems. This is desirsdle. As Sverdrup® has stalted,

*The development (of oceanogrephy tovard an exast selence)
has suffered and still suffers from the same conditions
which admittedly have existed and o%ill exist ia metearol-
ogy and which were descrided by Angot whoe about sevendy

ago said that teo maay persons Sake observations and
$00 fev 4o the thiaking. . . Vork at ses 1s expemsive. IV
is poor econocay to spend large sums oa expeditions without
providing funds for discussion and publication. And it i»
poor ecomomy te maintain a staff eo ssall that ids time
sost all be spent on ite own prodlems, leaving 1ittle
opportunity $o deeome aequainted with vork that is deing
earried on eslsevhere and 1ittle pessidilivy for sravel to
other stations and partieipation in comgreeses. ., . I wish
%o urge that govermments . . . do mot emdark upon a4 progras
of observations vithout providing staffs which in reasom-
ably short periocds cam sxtract the results of the field
work and at the same time keep informed as %o all develop~
ment in the field.* '

The present organisation of She Division is sush $hat onee wvork pro-
sodures have Deen developed and put inbo eperation, it should bs pos-
sidle to0 carry out some of the recommendations As stated by Sverdrup.

Comuent and Discussien

Dr. Roger Revelle: An eveatual objective of the Marine Life
Research Progrem is $o develop methods and theories whish will perait
a redugtion in the number of odservations required %o understand the
sudsequent oceanographie variations. Ve are interested in not only
the elimatology of the ocean area dul also in the deviations from
average valuss.

Dr. Carl Hudbba: 1 should like to emphasize that scordination of
the various divisions from the time of initial plaming and through-
out all the phases of Vhe work is extremely important.

‘Bnrdnp. E. U., "New International Aepects of Oceanogrep hy, "

”“.Eg% of the Ameriosn Philosophieal Socisty, 91, 1,
. q& .
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Dr. Martin Johnsen: Are there aay facilities for earrying oud
sathematioal and statistieal compustations which arise in the other
divisions? (It 4s hoped that mme of thia vork may be done in the
Division of Physioal Oceamogrephy. This may be pessidle since the
personnel are trained in many types of computation and have facilitie
for earrying them cul.)

Dr. George MeBwen: The general survey consisting of obumuon:l
at regular intervals may shov that certain regions are eritical. 1I% -
may then be desirable %o condust more intensive investigations in these
m‘o“o

Dr. Bussell Raitt: Howv is it possidle %o dstermine which of the
rhrllul factors are signifiecant in the Marine Life Research Progranm!
It is assumed that the factors mentioned earlier-~temperature, salia-
18y, pressure, light intensity, and current direction and speed--are
significant. This assumption was not questiocned. It is expected timt
other signifioant faotors will be discovered during the research work
in ®ie various divisiems.)

Mr. Robert Arthur: The droad coverage of the odservations planned
will not permit a detailed study of any region. For certain purposes,

such as the study of upwelling, it may de necessary to make more
detalled odservations in gertaln specific areas.

Dale 7. Leipper

Persoansl, Division III
Oceanographers: Dale 7. Leipper, Robert O, Reld, Psul L. Horrer
Office Personnel: BHaas ?. Klein, Faye Nclatchie, Virginia ¥ilbur,
Mirtam langley
Marine Teghnicians and Qbservers
Herbers Mann, Robert Huffer, Robert Sampson, Richard Nead,

Robert Marquards, Varrem Beckwith, Deane Carlsca, Peter Clark,
Formaz Johnsen, Brik Moderg, Charles Worrall
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