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Jarnuary 17, 1955

Mr, Henry Stommel and/or

Mr, Jules Charney

Institute for Advanced Study
Princeton, New Jersey

Dear Hank and Jules:

Either I am nutty, or Neuman The last two terms in

his equation (8) are
9/)
| | 91_ D’ |
The notation is misleading., The terms follow direetly from the inte-
gration of (6) and are therefore

0
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? % d 7 07

In seing to (9), we eross-differentiate as follows:
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- The sum of the first and thiré tanmrvanmah because ng/ax &y =

agp/ay Ox = 03 the second and fourth terms vanish separately because the
pressure gradients are sero at g = ~D by hypothesis, (At least I
assumed this explieitly; it follows of eourse from the gaoatrephie
approximation.) Thus the whole expression is zero, and

P Ay R ..@_Z
';; 2y o % 97

' .;¢ c3 (9). What remains of equation (9) is identical
| by Hank ané,mwaalf. ,

Let's take a simple cxappla. Let
p=xy(s+ D)~




Henry Stommel and Jules Charney P January 17, 1955
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All these vanish at 2z = -D. Now
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His expression for the cross product in (9) is
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Henry Stommel and Jules Charney 3 ~ January 17, 1955

}?,;’ . _ Yours,

[ I AR Walter H, Munk

y P.S. Of ecourse, in von Arx's trough where 2z = -D ‘is the solid bottom,
/‘\ eastern intensification

sould be generated, but there the pressure
gradients do not vanish at g = =D,

Huarray for
WESTERN DEFENSIFICATION

PPS, Please write me at once what would be convenient times for my visit
to Princeton., I have to do some ship scheduling.
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Mr, Henry Stommel sent to:
Inatitutt for Advaneced Study Woods Hole Oceanographic Institution

ton, New Jersey i Woods Hole, Massachusetts

Many thanks for your note and t,ha Russian translation., Con-
b m pmr, George Carrier has made the following
le commentis., ‘!hora m, in the aolutian. idditioe

ef the ather tom in tiu, ‘ ‘
they stand, If, on ﬂu ethcr tho wind ml nriu with
tude, then there are two pmsibmtum

t over distances of the order
L 1Or'e > or even shorter
lmporten Ifth-

thm thn a.timl tom are mgligiblc .

as W htmr atim in m \»9 ane 1o
that -«\"rof‘m*a the objestlions uiua m the p&por are

WHM:es



Mr, Henry Stommel
Heodu Hole Oceanc graphia Institution

mwtt me for Mtim I s
hnviw to decide this but I am almost e in ¢
could set on this would ast fmra.bly.

 You may not agree with me but I have become
one ean ecollsborate with )Ii '1. ﬁo 15 & lmu wlf aad dma wt re
hw M wrk with " 0 ‘& group ’pf poapln. He 1s

jas natur - sorry that you didn't. show up GUs 1 geate
that ,rdm m Yip and see you and ope that m hud a fino tm
ogetl hought he gave a fine pgpgr gt, ,,fﬁ ington and
rtuod with papers by Redfield and Maurice Ewin

‘ that mld o.ttrut pwplo 1m ywulf. \
ye | the ould propose a one day session
an man mrmu with fwr mma papcru m thn morning on eritiecal new

. our invited papers in the afternoon on thwr:r.. The
cmt pap‘rl mt be given by people who have mtributtd something essential
during the last two year There shoul bc & hw af ﬁi_. sim fm:
every halfl hour of paper. Do you
a meeting? If you do I am about roady to giw up Mving

One bit of gmaip; President Fleming has not pald his dues for three
years, Also, Don Pritchard has won his battle and the Transactions will
come out in a much improved format starting next year.

Sincerely yours,

WHMses
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May 24, 1955

Mr, Henry Stommel
Woods Hole Oceanographie Institution
Hbods Hole, Massachusetts

Dear Hnnkz,

am intrigued ut reliminary agreement between the non-
x':w in sea 1uwo1 and tb» wind enrl aalaulatian. Perhaps this
tually hag look component with the
}peaaibln»effaata of shifts af*uater:maas on the sarth rotation. It is,
ar » 12t component that is important, as it represents an
aetaal ahift 1numaaa. But it never occurred to me to compare the non=-
.« 8teric component to see whether it might fbllau'ymur_bmxotrﬁpio’

omments., Part of the nﬁn#sttrie *&mlﬁnﬂﬁt, parhaps about
2 omy ncpruucnta a seasonal shift of water mass from oocean to land

(ground water and snow), I think. 59@*»:;&, the nun~w1ggly'part ef:ny
aaluxion f@r tho baretrapie square ocean case should

o havc a ftwar ta ask:ywu. !ﬂa recall the Klebba matauatie 14
| X eter? Could I have on l«wf or :fntxy tha VHDI
hana rapert dssoribdng this instrumen

With hcat ragarda,

_ Sincerely,

Walter H. Munk
WiMses



Dear Walter:

The reason I did not come to the AGU meeting was
that I just felt rether tired, and the meeting did not
look very good as & whole, With a few exceptions, in
fact, I would guess it was LOUSY, There are so meny utterly
half baked papers that one's patience is exhsusted,

The influence of the old-timers is still very strong,
but the vein of qualitetive reasoning is pretty well run
out, We do not seem to be able to ettract many really
first rate people into the field despite our millions of
dollars budgets,

Honestly, I'm not boycotting the AGU or ASLO. I just
can't bear them,
Hank



\ June 15, 1955
¢

9.ar Walter, Gordon, and George V,

‘ I returned from the Imperial City, where 1 was able to find enough consecutive
Pillsbury current data made at the same staztion ( 700 surface readings during 1 wk,)
(off Fowey Rks) to play eround with tryinz to find the eddy coefficient in the Florida
Sts, There is not enough dope to do it in the region of enticyoclonic zhear off Hetteras
where it would rinlly'bo'worth doing some time, Its not worked up yet, but offhend looks

like 10° omPses™*, . |
I saw George V, ( Veronis, not Fifth) on the way baok, and Jule, We talked over

various things,6K such as,

One of the interesting results of the Veronis-Stommel trenmsient paper was the
reletive insensitivity of the thermocline to seesonal wind veriations in mid latitudes,
I looked et the monsoon region in the Indisn ocean to see if it is so there, where theres
is a really good reversal of wind, The 1950-51 Discovery stations eesm to shew that
the thermooline really does respond to the wind in 5° to 10° S, But this is rather
better then it looks, because if you redraw our frequency-wavelsngth diagram for suoh
low latitudes the theory then preddck¥s response of thermocline, Two comments are then
makable: the monsoon area so near the equeqtor doss not constitute a test; and seocond,
our theory is not muich good nesr the equstor, Now GORDON, wyour equstorial weve theory
DOES apply near the equator, and you could essily discover what the response of the
thermocline should be under an equetorial monsoon, In fact, your theory is"a very nice
complement nesr the egquator to ours far from the equator”™ gquotes Geo V,

I think I would be putting it mildly to ssy that Gordon and I are having trouble
finding ®learcut evidence of day-to-day barotropis mode see-level chenges corresponding
to ocean storms, Now I wonder ( you will remember Munk's sugzestion that the mid-Atlantioc
ridge might be s wave-guide? ) whether we simply cenmot ignore the bottom topogrephy in
disoussing the dispersion of the barotropic mode, 1Is this the reason thet the
tide~gauge observations and storms correspond so poorly, For example,6K the Bermuda
tide gauge is sitting on a cone, with tip 5 km ebove the botbem, with s base /30 km in
diameter., Can this posaibly act as to isolate Bermida from berotropic sea-level changes?

in the outside sea”

Bowa, sceepings, and apologies,,.unconditionel surrender and sorrow, veles of
weeping, mists of sadness, 1 made a mistake plottins the Bermuda tide gauge dats,
Mr, McKay at USCGS chellenged the big Nov sea-level bump, we looked over the dete, end

I slipped in the Nov plotting, There is still a bump, but not nearly so biz es I drew
it, It 12 like other yeers, It comes down sbout 0,); feet, Meybe 1 should be glad,

p s i
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Co o B B

Drs., Gordon Groves and Walter Munk July 28, 1955
’ e Woode Hole

Dear Walter and Gordon:

Ever since our confab in Princeton I heve been looking a t tide geuge data etc,,

and thinking about the quesi-geostrophic model of forced motion in closed oceanic
basins and getting very nearly nowhere, 1 talked about these things with Dr, Arnold
Arons and he suggested that we look into the free periods of guasi-geostrophioe

barotropic motions in an ocean governed by the vorticity eguation
b |

N R
with boundary conditions @ ’7,{-: o ofthe—form «7 A T T L/"'
¥y ";() + H,;,,. povi /cdf + Lo "x )

/7 |
and waves of the form =2 = % St Coen] ‘
The result is that there are only oertain frequenoies permitted & ,h6 ~ | /g U,
defined by the equation

| ? .n,.'i *,;\1
e O i £§j§~ ( | + fﬁwuwfwww .
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)\ ot ?;‘3 e ~ 34 e 0‘ / J &y 4 S ne g o ':.}-
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These quasi-geostrophic seiches consist of a combination of two free Rossby waves
eaoh of the same frequency, but of different two wavelengths, obtainable from the
ordinary frequency equation ( whioch hes two wavelengths for each freqaency)

e (/g/«)/(/+:/z>/ ' Ll

On account of the restriotive nature of the boundery conditions at X° there are

only certain eigenvalues of frequency permitted ( given above ) end the ratio of the
amplitude of the two components is also fixed.., the longer wevelength hes the greate
amplitude, The absolute value of the emplitudes of course is arbitrary,

I think Arons' suggestion gives a much more interesting model to think of then the foreed
one which we were diddling with, with walls, The following little table givea some

of the computed periods, The period corresponding to freguenoywpis not g£iven because

it 1s a degenerate mode, IT IS IMPORTANT TO REMEMBER THAT THESE FREQUENCIES ARE
COMPUTED ACCORDING TO THE INFINITELY N-S EXTENDED MODEL ON THE BETA-PLANE, and hence

may be misleading so far as an ocean bounded by latitude circles as well 13 concerned,

TRERIRT LY

" Ocean Latitude  Mean Depth{lm) Period ( days )

Mean width First mode Second mode Third mode

n =1 n =2 n- 3

Atlantio 20 N L. 5770 Le7 8,2 11.5

60 N 2.0 1660 26,2 L9.5 63,0

30 S L.O 5770 W B 11.8

Pewifis 20 XN 5.5 1150 20 L.6 6.0
30 S )405 9650 501# 503 701

Indian 30 S L.O 7700 L. 6.6 e
Antarctic 50 S LL.O 24200 SeT 6, 6.8

B TP ——— ——— o A—————r e -

These look rather like the kind of periods that you, Gordnn, were seeing. in the
Pacifio, :

When Arnold Arons and I had got this fer we were really quite excited and the subjéot
of geostrophic seiches looked like a road to glory, when all of a sudden I found a

B e o ——— e SRR P S SRRSO . Ry A s W W R L TR S SRR, AR S B e s W s s AR N s b 4 AT s



paper by Goldsbrough ( Proc Roy Sosc A wvol 1,0, p 231, 1933 ) in which he obtains

the solution of the problem of free oscilletions in an ocean with meridional cossts
60+ apart on a rotating globe, There sre two periods neerly equasl to tidel periods,
but there is a longer period... 7.2 days ,,, associated with a geostrophis type
motion, Now as & metter of faot this long period type of free oscillation assodda
ted with what we would cajl Dbarotropic transient current systems has lonz been known
to tidel theoreticiana ( see Hough ) es motions of the Second Class, and it is appar -
ently actually the seme thing as Rossby waves on a globe without a basic zonal

flow, Arons and I were somewhet teken aback to find our work so olearly anticipated
by 22 yearsy but I think our physiocal understanding is somewhat superior to
Goldsbrough's, He was not really interested in the long period, Moreover, his
method does not given a very good shape or mep of AA- the successive wave form over
the ocean, On the other side of the ledger of courge he has the ineffable advshtage
of being on a spherical rotating earth rather than on a limitless bete-plane,

You will be vexed to know, if you do not already know, that he tried to do the
problem for the Pacific ( 120° apert ) but decided against it on account of the
necessity of dealing with a more complicated form of essociated Legendre funotion,
We are really so sorry that the Pacific should be mathematicaelly unfrisndly as
compered to the Atlantioc,

Our approximate beta-plane theory of couree is just as easy for the Pacific as for
the Atlantic, It gingerly skirts equatorial regions, We are going to look into
dissipative boundery conditions for the forced and free motions, It ought to be
interesting,

Are we duplicating something that has already been done more than onoce before? If
you heve any fMrther references for us pleass come across with thenm,

All this excitement about the barotropic mode makes me very enxious to try out for

- several yesrs a deep-sea pressure gage at Bermuda at a depth of ebout 3000 meters,

That is the reason why I wrote Walter, I will write a seperate letter to Frank
Snodgrass about the instrumentetion problems, I certainly hope that stability of
the instrument will not be a stumbling block as Frenk suggests mey turan out to be
the cese,

My best wishes to everybody...and have & good trip Wglter,

M

Henry Stommel
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May 21, 1956

.Hnds Hole, maammutt# ,’

Rouse's paper. It is definitely connected
with \ﬁat Taw Crmll is doing, and he was avarecf it, Ina
m, TWmnfim what might be the prinecipal conclusion: an

5 cline can propagate downward as a result of stirring

Sincerely yours,

WHM:es



July 27, 1956

Mr, Henry Stommel
Woods Hole Oceanographiec Institution
Woods Hole, Massachusetts

I have come back this morning from the heat and smog of Los

Angeles. I spent a couple weeks there taking a course in how to prograu
an electroniec computer.

There are two letters from you and a copy of & letter you wrote to
Gordon Lill, Certainly temperature fluctuations below the seasonal
themmocline such as you describe make it impossible to sample these
adequately by going out every couple weeks and taking a« deep BT. I would
still suspeet that shallow measurements (up to 1000 feet) taken once
every two weeks are meaningful, even if they den't give the whole story.

gs settle a little I shall have a look at your report

Regarding Mr. Rurt Jacoby, I hed ori.m.ly thought he vanted me
to proofread articles that had been prepared for his book, and I was
vdlling to wnsider this. It later turned out that the editor wa.s

esponsible for seleeting topics and finding pe
muut}uuwpica. Msm.dtmmu time than I should
to spend on such an undertald

I gquite agree with you about the untimeliness of a treatise on
oceanography. You will recall this was my fesling when we thought about
doing a book for Oxford Press together some years ago. It seems as if
the subject matter is getting more untimely as time goes on.

I have ne strong feeling on your suggestion on a volume "Modern
Developments in Oseanographywith 20 to 40 scholarly review articles. I
did like the recent volume dedicated te G, I. Taylor, which was somewhat
along thess lines.

With best regards,

!m;

Valter H. Munk
WiMies |






WOODS HOLE OCEANOGRAPHIC INSTITUTION
WOODS HOLE, MASSACHUSETTS

Dr., Walter Munk

SIO
La Jolle California

Dear Walter:

Mr. Kurt Jacoby ﬁ.sited me here the other day to talk about the

proposed treatise in oceanography which he previously disoussed with you,
I said that I thought it was a bit premature, that the newer developments
were in such a fluid state that a definitive treatise might better wait
10-15 years... at least until there is some evidence of crystallization of

ideasa

Dr. Kullenberg tells me that Dietriech et, al, are actually preparing

a Handbuch der QOzeanographie., I've written to find out about it.

On the other hand, it might still be advisable to condider a volume |
entitled " Modern Developments in Oceanography".... taking up where
The Oceans leaves off._ That might be a useful thj.:g to db...get maybe
20-L40 review articles..... really scholarly omes.... not like these

interminable symposium articles....es
Pass on to me any thoughts you may have ,

Yours,

[t



M«o‘?. e

“M,ﬂ&"‘f'& ‘ ,‘;,u—(o--f;
A-"--—”M Vlat cowve, ¥ — W’A;-,»t.‘.'? e

-2 | ‘







WALTER .... APOLOGIES.... I SEE BY IGY PROGRAM THAT EWING ALREADY
HAS A BERMUDA VAN DORN TYPE LONG WAVE RECORDER INSTALLED..... THEREFORE
THERE DOES NOT APFEAR TO BE MIUCH REASON FOR ME TO PUT IN FOR ONE TOO.es.

«ss SO PLEASE FORGET THE FIRST PART OF MY LETTER OF TWO DAYS AGO,..HANK



WOODS HOLE OCEANOGRAPHIC INSTITUTION
WOODS HOLE, MASSACHUSETTS

August 3, 1956

Dear Walter:

Mr, Hassan wrote a letter several days ago to Roger asking
whet her he can obtain some finandial support to help him visit
Scripps this Fall, He has spent two summers at Woods Hole, this
past one with me in my office here ... and he is finishing his
Doctorate at NYU.

As you know, there is a serious bifurcation in oceanographic
education/reseach in the East U,S. ... i.e., the educational, degree-
granting places NYU, MIT, are really quite completely separated from
the active research centers, WHOI, Lamont. Therefore, Mr, Hassan must
make an extra effort to acquaint himdf_with the programs, goals,
tenohn'iques, pace, etc, of the research centers, and I think he would

find it very advamtegeous to visit Scripps as well as WHOI, Mr. Hassean

does not ask to be enrolled as a student, and if he should therefore be
barred from fellowship or scholership aid, he‘would be quite willing %o
accept temporary employment on & project, wherehis methematicel training end
skills would doubtless prove useful to SI0, Mr, Hassan received a small
stipend from the Egyptian Govt,, but it is a very slender resource to

meet the expenses of a cross-country trip with wife end two children ...

( he will drive)... and he would ve_r‘y much like to have e grant-in-aid

Hank |
— }

or part-time employment,



August 16, 1956

Mr. Henry Stommel
Woode Hole Oeeanographic Imut.uuen
Woods Hole, Massachusetts

I talked to Roger today about getting scme suppert for Hasson,
In the light of what you said I would like him to visit us for three
months. But Roger did not commit any funds and said, in fact, that
the Director's budget for this purpose has been pretty nearly spent
for this year. He asked me, however, to find out exaetly how much
| mppart. Hasson would need, and then I would disouss this with him

b & ®

Please ask Hasson to write me what would be his ninimn reguire~
ments., Tell him that we would enjoy his visit very mueh and that
we shall arrange so if it 1s finaneially possible.

Yours,

Walter H. Munk
VWHM:es



September 19, 1986

Mr. Henry Stommel |
Woods Hole Oceanographic Institution f{g/
Woods Hole, Massachusetts |

I have not forgotten about my offer to run a spectrum on the Bermuda
temperature records. If you don't mind, I would suggest that we consider
it actively in about a month. By then I will have finished with the
analyses of my long perlod wave records, and the desk will be clear. I
hate to start something new before the present things are cleared up.

. As far as the long period wave records are concerned I am enthusiastic
with what one can do with such analyses. 3But the problems of analysis are
touchy, and it is taking me a very long time to learn how to do things so
that one can really have confidence in the resulte. I am beginning to
understand why some of the earlier analyses yielded such strange answers.

By the way, I have two dates in Washington in November, one for the
16th and 17th and one for the 28th to 30th., The dates are preliminary,
but if they hold could I park myself at Woods Hole in the in-between week.
What I would like to do then would be to park in your office and just see
what you and your friends have done and are doing.

With best regards,

Yours,

Walter H. Munk
WHMtes



October 10, 1956

Mr. Henry Stommel .
Woods Hole Omamgraphia Imtitutiﬂn
Woods Hole, Mass etts

I am M:Lm

I wmm 1m to ntay thoro tmtil Tharsday tha 3.51:1'1 Mim tha,t
vening, again on tht Federal.

Could you be so very kind and see if I could stay at the
hallenger Inn or scme other nurby place. I dw't want to bother
CelaWa Iselin or Admiral Smith, ‘imt if there is a convenient chance

you might tcll them that I would like to be there during these four

days.

Mhu.pz :ma wuld tm abmt ywr interesting temperature data.
18 } I sha w8 te ready to start getting your

Jours,

Walter H. m

WHMses '




December 27, 1956

Mr. Henry Stommel
Hmds Hole Oceanographiec Institution
Woods Hole, Massachusetts

Dear Hank:

Tour suvey of the Ocean Current Theory is a service to all interested
parties., Would you ccnaider it an endorsal if I say that I found much in
it that was new tc me? The relationship to the tidal theories, the
abilities betwesen the evaporatich-precipitation and the wind —d.rim models
are news to me, Figure 10 is wonderful. What are the vertical velocities
to give the required internsl mode that makes the Gulf Stream and Braszil
mt coe out right? Are these vertical veloecities then a part of the

rmohaline convection between polar and equatorial regions? You have
givm t&u thermoheline people a new lsase on life.

Carl Eekart is worried about the work of the great tidal theorists,
and it may turn out that scuwe of their results are wrong. But this is
indefinite, and should not cumecern you at the moment.

I am left with the impression that one of the really eassential things
to be done at this moment is to look for empirical evidence concerning the
various possible barotropic anc baroclinic waves. Do you think it would be
worthwinile to do the following thing: 1 could take hourly sea levels for
a station for 3 ~ 10 years, pass it through Gorden Groves tide killing econ-
volution, and end wp with 1000 to 3000 mean daily levels, good to about
1 em. From these I can get meaningful spectra for all periods between 2
days and 2 months., The spectrum has about 60 values, each good to a few
percent., The work to do this is not excessive, A8 an example of the
method I snclose spectra of sea level at CGuadalupe Island for two successive
days. I think we have been able t¢ catech the normal meodes of the island,
but note that amaging and repeatible {ine structure! The actual oscilla-~
tions were less than a millimeter, the Vibrotron at 100 meter depth.

With regards to your remarks on internal modes, p. 8, it might h.lp
te point out that your evaporation-precipitation model (previously dis-
cussed) can be considered an internal mode of the hydrosphere (ocean plus

atmosphere).

There are many small points. Perhaps I can save you a few errors if
I 1list them.

Do send me a copy, if you can spare one.
Merry, merry Christmas,

Walter Munk

Wiktes
€4 .5 e Bsd



HENRY STOMMEL
Woods Hole, Mass,







BERMUDA BIOLOGICAL STATION
ST. GEORGE'S WEST
BERMUDA

CABLE ADDRESS:
BIOSTATION

T wem »t
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Dear Walter and Bobs:

You will be interested, I think to hear a
little sneak preview of the results of Swallow's
and Worthington's joint ATLANTIS-DISCOVERY II survey
of deep currents under the Gylf Stream using Bwallow's
neutrally-buoyant floats, I was aldng on the first
two weeks.... Godry Volkamnn was on the second half
-~~ arriving Woods Hole about April 5.

About 7 deep floats in all quite clearly establish
the reference level at about 2000 meters, with strong
countercurrent underneath., At 2800 meters there were
even some strong filaments moving as much as 20 miles

in 66 hours.

This of course was a kind of crucial test of some
of the pictures shown in my Survey article... and as
you can well imagine goes a long way toward reducing
the net transport of the Gulf Stream, and hence bringing
it mich more in line with the transports deducible from

the wind-stress theory. /M S Muutk !

I hope Swallow willvgivewa f¥Il agoownt of the
expedition at the Torondo IUGG meeting.

[t

Henry Stommel
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February 12, 1957

m’q E’m 3 orame &
Oceanographic Obsarvatmry
Biological Station
St. George's, Bermuda

Dear Hank:

We enjoyed the visit from Ketchum and Walden. They are awfully

nice fellows and obviously aumpottnt instrumental people. I continue to
be ﬁnrriad about long term inatrumental drift, as far as you people are

neerned. Frank has now had a Vibrotron in the water for several
waeka, ana the frequency has increased all this time. The rate of
inerease has dropped somewhat and now is equivalent to a lowering of sea
level by 1 om pe: day. One, of course, would gather that this is some
sort of an aging process, and perhaps eventually things will settle down.
Ia wur w@rk, dealing with periods of one h@ar and less, this is not too

When you first get Barmuda records I should like to talk you into
;aking readings at fairly close intervals, say one every four seconds,
for a day or two. This would give me a chance to have a look at the
long period wave spectrum of another island. Perhaps we can talk sbout
this when the time comes. g

, I am.vary concerned by the lack of theoretical model for the steriec
sea level program. You will recall that I thought about this at the
- tims when I visited you at Princeton. On my return here I did work
through the theory for a two layer oecean following your scheme, and the
trouble I got iato was that I came oul with an extremely wiggly
solution. TYou had previously remarkad on this diffieulty, and I have
had no thoughts on what to do about it. Mohammed, ton, has looked over
these notes but could not think of an obvious cure. I would certainly
welcome it if you or Ichiye would find it worthwhile to consider this
problem. I wonder whether some notes of mine would be at least initialxy
helpful. I am enclosing them. |

Finally, about changes in the depth of the thunmmelmnt in the
Atlantic and Pacific, I intend to keep my eyes open about internal vaves
at our San Clemente station.

With best regards,

Yours,

Walter Munk
WHM:es
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Mr, Henry Stonmel
Oceancgraphic Observatory
Biological Station

&t. George's, Bermuda

I want to return to the problem of a "theory" of the annual
steric departures. June is writing her thesis on the seasonal changes
in the heat content of oceans, on a global scale. Her main effort is
to (1) describe these from BT and Nansen data, and (2) compare the
results to what has been inferred by the energy budget method, using
radiation, evaporation, ete., the usual stuff. She is not yet finished,
but the result seems to be that for averages taken over the subtropical

subpolar gyres of the North Atlantic and North Pacifiec there is no
eonvineing difference between the two methods (the overall mean ratio
is 1.4, but can be explained away by various means).

Suppose we accept that such changes of heat content within the
mtimmumdmwmmmtm Mm;amhinsmtuml
rtures in steric levels as well. All we need the wind to do is to

mmt for the non-steric departures, i.e., recorded minus steric.

We now have some Russian sea levels in the Aretic (ginntannpr
at Goteborg by Kort) and it seems as if the whole Aretic and subpols

region is lover by 20 em in spring compared to fall. wmwmm-
tiona, which I sent you, indicate that in amount this can be accounted
for by changes in the Westerlies. In winter when these blow the hardest,
the water is driven southward, and reaches its lowest level 3 months

later.

This leads to the following hypothesis: Energy flux through ¢
surface accounts for the gteric departures in sea level, because it
m't do anything else. Wind stress aceounts for the non-steric
jepartures, because it hasn't time to affect the steriec departures. The
umlt of wind stress uammtofuurtthpemmmom
gyre to the subtropical gyre during winter, and reversed during ,
There you are.

This says nothing about how the slopes of the sea surface are

ﬁhntdamwmk?
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HENRY STOMMEL
W oods Hole, Mass.
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