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SECT ION I--INTRODUCTION

The Physical Oceanography Program (Code 481) of ONK ’s Ocean Science
& Techno1o~~r Division funds the bulk of the Navy ’s basic research
program in physical oceanography . Code 481’s F? 77 funding was
$7½ million , FY 78 was $8¼ million , and FY 79 is anticipated to be
at least $8½ million . This report presents a compilation of those
research efforts currently funded by Code 481.

The objective of the Physical Oceanography Program is to improve
.our’t understanding of those open—ocean physical processes which are
of fundamental scientific importance and which impact on present or
potential Naval operations. It is a mission—oriented program , and
it assumes tha t such an improved understanding will better enable
the Navy to use the ocean environment to its own advantage .

It must be emphasized that , even though the Code 481 program is
mission oriented , research efforts must be , first and foremost, of
fundamental scientific importance and results of these efforts must
appear in the open and refereed scientific literature.

Code 481 sponsors a sea—going prcgram——funding laboratory experi-
ments , instrument development , and numerical modelling only to the
extent that they are integrated with and needed by the go—to—sea
research efforts.

Code 481 focuses on the open ocean——generally staying away from
near—shore and continental shelf/slope regions for which other
federal support is more readily available. Because of limited
resources more recently, Code 481 has begun to focus even more on
those aspects of the open ocean which appear to be of higher
priority to the Navy , for example more support for the upper ocean
and less for the equatorial and Southern Hemisphere .

Considering aspects of physical oceanography in which ONR 481 will
have an interest in the future , it is worthwhile to consider the
following quotes from an article* Columbus Iselin presented at an
ONR—sponsored workshop twenty—two years ago:

“What has been happening recently, and I believe this trend
will continue , is that we are becoming much less certain that
we can describe the system that we are trying to understand .

*Igelin , C.O’D. 1957. Along what paths is physical oceanography
likely to proceed. In Proc . of the Symposium on Deep—Sea Research ,
W.S. von Arx , ed., Pubi. No. 473, Comm. on Undersea Warfare of the
HAS/NRC , pp 6—9.
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H 5

“We see the need for new methods and new equi pment , but if the
past is any guide , these do not evolve quickly.

“We are beginning to think in terms of synoptic situations ,
but for the most part our long accumulated data are barely
able to describe the average conditions.

“Convenient , long—range , precise navi gation remains the
number one need in physical oceanography in my opinion .
Without i t , our ability to describe the near—surface
currents over any considerable area will proceed only
slowly.

“Assuming tha t means will soon be found for knowing how the
ship is moving relative to the bottom ..., the oceanographer
has the more special problem of observing the change of
velocity with depth. This is being attacked in a number of
different ways and these efforts should be continued at high
priority. However , in the end we need a solution tha t does
not require stopp ing the ship...

“... to describe the motions in the upper 500 to 1000 meters
of the water column will require literally millions of ob-
servations , and if we are to attack synoptic situations the
ships will have to proceed at all practical speeds.

“Thus we come to our next major problem : how to employ the
ship most wisely, how to maneuver so as to gain the most
effective coverage of an area . The people on the ship can-
not know what lies ahead... Let an airplane develop the
two dimensional , surface current pattern ahead of the ship
so tha t the people on board can concentrate on the third
dimension... Even if the plane had the necessary endurance ,
the people in it do not. The plane is accumulating infor-
mation faster then it can be digested and , in addition , a
formidable navigationa l problem is presented.

“Given idea l ships..., better airplanes , adequate navigation ,
etc., much could no doubt be achieved , but we are not going
to get these things quickly, nor can we do much more than
urge that they be developed . In the foreseeable future ,
oceanography will continue to be plagued by th~ hostility
of its environment and the vast areas to be covered .

“We have been struggling for too long with spot observations ,
separated too widely both in time and in space.”

1—2
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A long—term interest of ONR 481 is directed at better understanding
how the atmosphere “forces” the upper ocean. Toward this end, it
will be necessary to develop the necessary tools and techniques for
observing the three—dimensional near—synoptic density and current
velocity fie1d~ in the upper ocean.

Iselin baa pointed out a number of directions and problem areas
which must be faced. However, it appears that significant pro-
gress may be made in this direction within the next five to ten
years, especially when considering NAVSTAR/GPS (continuous abso-
lute position fixing good to 6 to 10 meters), expendable instru-
mentation (current shear, temperature, conductivity, sound speed) ,
towed instrumentation (temperature and conductivity chains),
hull—mounted instrumentation (acoustic profiling of currents,
rapidly—profiling CTD’s), moored instrumentation (profiling CTD’s
with current measurements), aircraft and aircraft instrumentation
(the P—3 and improved AXET’s), computers and microprocessors, and
satellite products (infrared and microwave for sea surface
temperature, radar altimeter for sea surface topography).

1—3



SECTION II-——AREA SUMMARIES

AREA NAME AUTHOR PAGE

Descriptive Physical Joseph L. Reid 11—2
Oceanography

Theoretical and Numerical James J. O’Erien lI—S
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Remote Sensing of the Ocean Robert H. Stewart 11—19

Oceanic Fronts Eli J. Katz 11—21

Western Boundary Currents Walter 0. D*ling 11—23

Benthic Boundary Layer Mark Wimbush 11-26
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Joseph L. Reid

Scr ipps Ins t  i t u t  ion of Oceanography
La ~~~ 1 Ia , Ca l i f o r n i a  9~ O93

( “ 14 ) 4 S 2 - 2 O ~~

Four inves t  i~ a tor s  have as their long- range  ob j e c t i ve  the
st uth ~if  the  format  io n of the  large-  s ca l e  water  mass e s and t h e i r
c i r cu l a t  ion i~ i t h i n the ~cor ld  ocean.  They are proceeding toward
t h i s  cormion o bj e c t i v e  w i t h  d i f f e r e n t  but comple m enta r y  methods .
These ~a te r i~ ’~ses , wh ic h ire  formed and d r iven  by the w i n d s  and
b y heat i ng ,  coo l i ng,  eva p ora t ion , and p r e c ip i t a t i o n  c i r c u l a t e  on
var ious  t i m e -  and space-scales , among which  are the great  gyre s
of m i d d l e  l a t i t u d e s , the  west-ts ’in d d r i f t s of h igh  l at i t u d e s , and
the deeper flows tha t  car ry  the denser waters formed in high
l a t i t u d e s  int o  the cent ra l oceans and from ocean to ocean and
b a s i n  to b a S i n .

Bruc e harren is c o n c e n t r a t i n g  on the deep wes te rn  b oundary
cur ren t s  as a p r i n c i p a l  fac tor  in the m a j o r  b a s i n - w i d e  c i rcu la-
t i o n .  h i s  present work is on the f l ow of the Gulf  Stream and
the waters near the Grand Banks and on the  overal l  deep c i rcula-
t i o n  of the  Indi an  Ocean. 1k” uses measurements of water  charac-
t e r i s t i c s  and the d e n s i t y  s t ruc ture  in th e  app l i ca t ion  and exten-
sion ot d e ep - c i r c u l a t i o n  t heo ry .  ~lost recent ly  he has found a
deep western boundary current  east of the 90 °E Ridge in the
I n d i a n  Ocean and has resolved the  problem of the complicated Gulf-
St ream/ Slope-W ater  c i r c u l a t i o n  p a t t e r n  off  the Grand Banks.

Va l e n t in e  Worth ington is studying the water masses of the
world  ocean through v o l u m e t r i c  ana lys i s  and volume transport of
the major  cu r ren t s .  lie is concerned at present wi th  the seasonal
and longer-period v a r i a t i o n  of the Gulf  Stream transport and its
r e l a t i o n  to the  deep m i x e d - l a y e r  18 ° water formed in la te  w i n t e r
j us t  o f f shore  of the Gul f  Stream . lie is  concerned also w i th the
analagous water masses formed off the Kuroshio , Somali and
Antarctic currents which  may have similar relations to the m a i o r
transports of the  currents.

Michael  Mc Cartn ey is i n v e s t i g a t i n g  the modes of fo rma t ion
and renewal of the water masses of the main  t he rmoc l ine  and the
upper deep layers of the  world ocean, lie has found cer ta in  large-
volume “modes ” , or t h i c k  layers  of water , each wi th  a narrow range
of c h a r a c t e r i s t i c s,  1k’ is  examin ing  the p o s s i b i l i t y  that  a s i n g l e
process - -ver t i ca l  convect ion in r e l a t i v e l y  res t r ic ted  areas on the
poleward sides of the major  a n t i cy c l o n i c  gyres , and recirculation
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within these gyres wi th little alteration , may accoun t for the
dominant large-volume central waters of the subtropics. His first
published result on this topic is on the subantarctic mode water
of the southern hemisphere: he is now applying this concept to
the North Atlantic Ocean.

Joseph Reid has been studying the mid-depth and deeper
layers of the Pacific , Antarctic , and Atlan tic oceans by examining
geostrophic shear and distributions on isopycnal surfaces. He
finds dust southeast of the Gulf Stream and Kuroshio currents a
return f low to the west . In the western area , th is flow turns
southward and then eastward along about 25°N and extend s all
across the ocean. In the Atlantic the two eastward flows carry
water of relatively low salinity coa~pared to the highly sal ine
Mediterranean outflow waters , which extend westward with the
return flow south of the Gulf Stream as a warm , sal ine wedge
extending from Gibraltar to Bermuda. In the Pacific the two east-
ward flows carry high-oxygen waters eastward from the westward
boundary , leaving a zone of low oxygen between .

Within the next few years we shall have a useful measure of
the volumes of each of the major water masses. With these numbers
and the better estimates of the nature and magnitude of the general
circulation , we can work usefully on the interactions of these
masses within the different oceans and from ocean to ocean. We
will hope to have some estimates of the balance of exchange of
water , heat , salt , and nutrients within the great ocean system.
These wi ll prov ide the proper back ground against which theoretical
exami nations and detai led numerical models can be developed more
efficient ly and more eff ecti ve ly to improve our understanding of
the ocean system . The additional materials on rates of exchange
that can be obtained from the isotopes (tritium in particular)
w ithin the next few years will be of great advantage in such work ,
especially in the Arctic , Norwegian-Greenland , Labrador , and Bering
seas and in the northern At lantic and Pacific , and , to a lesser
extent , in the Antarctic.

We are limited in this work partly by the small number of
investigators. We note that observations of water characteristics
and structure are lacking in critical areas and seasons (the Eur-
as ian Basin of the Arc tic , the wes tern Weddell Sea , some meridians
in the Atlantic , Pacific , and Indian oceans) and that direct cur-
rent measurements are lacking in critical paths and passages (deep
Labrador Sea , Reykjanes Ridge , Indian Ocean , Kamchatka-Komandorskiye
Chann el ) .

The present lines of research in descriptive physical ocean-
ography are by no means fully exploited . Work from data in hand

11—3
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has opened up new perspectives (the modes of the water masses ,
the relation of the Gulf Stream variations to the deep mixed
layer , the deep western  boundary current s , the complex mid-depth
circulation of the northern oceans), and there is reason to
expect that more new perspectives will emerge, as the data to be
collected by present grants and the results become available.

For more details concerning Descriptive Physical Oceanography
see Section V pp 29, 33, 34, 60, 72, 89, 92, 99, 101, 115 , 124.
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THEORETICAL AND NUMERiCAL OCEANOGRAPHY

.~ .J. O ’Brien , ~eteorology Annex , £‘lorida State University
Tallahassee , Florida 32306 - Telephone : (9014 ) 64L4_4581

Present Status and Recent Progress

T h e o re t i c a l  s tud ies  of t he  ocean utilize applied mathematical
te .:~~ jue~ such dh analytical methods , statistical methods and nu-
~. t r ~ ca~ methods .  Since 1960 , powerful  bL~nd~ry layer and asvmto-
tic a roximc~ticns , for examp le , have pe rm~ tted analysis of nu 1~cr-
ous goop hv s i~ al fluid dynamic problems of rotating , stratified
fluid s wit h important implicat ions for unders tanding ocean circu-
lat i or. . U n for tuna te ly  almost all problems are non l in ear or quas i-
i inear and numerical  t echn iques  must be used for calcul at in~. in-
tegrals and solu t ions for physical understanding. In addition ,
th e  assumptions about mean state and geometry are unrealistic.

~t atistical techni ques such as t ime series and multivariate
analysis applied with physi cal and d’,’nan~ic constraints have ad-
~~ced the interpretation of ocean wave dynamics. The recent work

Maga a rd ( H a w a i i )  on baroclinic Ross~ v waves and Briscoe (WHOI)
on internal waves are striking examples. The theoretical oceanog-
raph er uses the most sophisticated statistical approaches for in-
terp reting the massive quantity of data for understanding.

Numerical oceanograp hy is a young science . The methodology
is drawn from numerical weather p rediction and numerical analysis.
Oceanographers are unable to perform realist ic ocean calculation s
for operational use due to the lack of in i t ia l  da ta .  In a few in-
stances , the mul t i - inves t igator program s such as NOR P AX (Haney ,
N . F . G .S . ,  anomalous circulation ) , POLY M ODE (Robinson , et. al.,
Harvard , mesoscale eddies) and GATE (O’Brien , F . S . U . , and Moore ,
Nova , Gulf of Guinea Upwel l in g) ,  INDEX (Hurlbur t , Lin , Piacsek ,
NORDA and Cox , N OAA , Somali Current s t ruc ture) have collected
s u f f i c i e n t  data to perform hindcasts  of low frequency ocean cir-
culation problems to enhance physical unders tanding and create
deta iled h ypotheses for futur e programs . This special branch of
numer ica l  oceanograph y is manpower l im i t ed . Both the  mathemati-
cian s and the physical oceanographers are not producing enough
P h .D . ’s capable of solving numerically models containing hype r-
bolic (wave—type ) partial differential equations. At present ,
app roximately ten positions are open in the U . s . Present compu-
ters at NRL , NCAR an d N OAA are cap able of in tegra t ing  any real-
ist ic problem.

Ma jor Accomplishments

In contrast to the 1960’s, the theore t ical communi ty is
closely coupled t o  the observational communi ty .  Dyn amici s t s  as-
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‘
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~ o o~ :~~~ .

. i ::‘ .. ~~~~~ o~ un I t r t a i . d i n g  of
OCt i:. dvr~.o~ ic s .  iio~~:. i t  e d  ~~~~ da ta  t o~ o t h i r ~~ t —

~~~~5 I S  d.~~ n • t : a ’ . • ‘.‘ r~ _ i  : .‘:.ns :n t . x e s e n t  t h i o r :  ( su ch
.1. r~t~~i o . t  : i : ~t o~ ~ o s ) .  ~~~~ ut  t h e  car et u l  anal’:ois

~ :~ i:.~~~~. : . ~~~~~~ ~~~~~~ : • , :. he~~e S f o r  i~~~ r o v i r .~
~r: . f :.~ trof s~d ~~~~~~ t : ~~~ e t : .~~ .s t . t ical ides

ho cm i n .

co t . in is t ~~~~~~~ ~~~~~~~ . T~~ a tmospher ic  f l u c t u a —
t i o n s  cont in~~ t o  Ose i~~’~ •ir.; l i t u d o  ct i~ nc •~n d d e n s i t y  t e r —
t : o t i o n s  :~ ~~~~~ ~~~. ~~~~~~~~ in  t n . i~~7D’s the theoretical communil ’ :

so :~~~ •~~~ t:~~i l ’~s :  of ~te ad’.’ ~owo and are concentrating
on ~~ • c . ncv ( :  .~~i r  the : tidal ~ez’icds) riows . 

Fsch good
i s ex: ~‘ni -~ ::t ie. .~h d at a  w h i c h  is g r i s t  for  t h e  m i l l  and con—

.;ur: r i se s : or t : .e r ,~~h e l i~ ro . I r o o r t  ant work on the  d”namics
of  . Vi i t uo~’s e t und e  rway : western oundarv currents (~~iL’I
~~~~~~~~ 

.~ ) , ‘u~~: • ~ r i n g~ ( Texw ; A S~’ , t~lT) ; mesoscale  eddies
0 . o f , ~O : , ~~~~~~P) ; u: :er ocoon r r c nt S  (Miami , Wa sh~ nctcn ,

.‘ l :~w . o . ) ;  i s r g e — s c s l e  c i r c u l o t i o n  t, F . S . h . ,  Oregon , M i a m i ) , e f f e c t
of ~~ct  torn o~~rsp f ’ .’ ( N o va , F.S.U . , ;:~ si ) , h -~u :i t o ri a l  dyn a m i c s
( b . S .U .  , N o v a , c n i o : s , WH 1 , M I T )  . A m o d e l l i ng  newsletter

~mf n idc e ) ~reviJes .i r ap i d  f o r u m  f o r  exchange of ideas . The
d-.vsi :il • tncgraç hers •rr~ plan ning massive exper iment s  in eaua-

~~~~ r i c  in  t h e  l9~ O ‘s. ever e  l i m i t a t i o n s  a r n or e nt l v  exis t
i n  i~fvar:in ~ our k: w i e d ~ e of  u p : e r  ocean d ynamics  ( i n s t rumen t
~ir’ited ), st r on g  o c e an  fronts (mcr .ev and idea limited ) and non-
I i n e o r  wave  i : : t t~~~o i~ ::s ( d o t s  l i m i t e d ) .  Attempts to provide
l i~~i r ed-area ac es : ,  : “ o s s t  rode is  for Naval  use are being de-
s i g n e d  at F .f .U. m i

For more details cenee rning Theoretical and Numerical Oceanography
see Section III pp 2 , 4 , 11 , 14 and Section V pp 7 , 25 , 30 , 36 , 39 ,
47 , 69 , 73 , 79 , 80 , 82 , 91 , 92 , 94 , 96 , 101 , 103 , 104 , 126.
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LOW FREQUENCY VAR IABILITY IN OCEAN CURRENTS

William J. Schmitz, Jr.
Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

(617) 548—1400, ext. 54].

Present Status and Recent Accomplishments: Community—wide
perception of the basic nature and significance of low frequency
fluctuations in ocean currents and temperatures has been altered
dramatically in the last decade. The principal conclusion from
the Aries Expedition, widely held in the 1960’s, was that the lute—
n or of the (North Atlantic, at least) subtropical gyre was char-
acterized by a westward—intensified , highly north—south polarized
eddy field dominating a cieak mean flow, but results from the past
decade indicate a much more interesting and exciting range of low
frequency variability. The emergence of the first numerical mod-
els explicitly devoted to investigation of eddy dynamics deserves
particular note, as does perhaps the discovery of orders of magni—
tude of geographic variation in the properties of the eddy field.
For present purposes, low frequency fluctuations are defined to be
t ime dependent variations in currents and temperatures with peri-
ods greater than the inertial period and less than general circu-
lation time scales. The data available poiat to a broad band proc-
ess, rich in diversity. Mesoscale eddy time scales have not yet
been sharply def ined formally, although horizontal scales are al-
most universally taken as 100—300 km. In the following, the tern—
poral mesoscale is defined to be 10—150 days, with the words eddy
or low frequency variability (fluctuations) used for all frequen-
cies higher than general circulation time scales and lower than
inertial. Time scales longer than the mesoscale are often called
“secular”. General circulation time scales are also arbitrary,
but normally thought of as greater than a year to several years,
and not always distinguished from the secular scale. In the fol-
lowing, secular scales are those longer than mesoscale, and shorter
than general circulation time scales, taken to be a few years for
practical reasons.

Descriptively, the eddy field has been found to vary sharply
in the horizontal in its basic properties such as energy level,
Reynolds stresses, relative vertical structure, and spectral shape.
This geographical inhosiogeneity, involving for example orders of
magnitude of variation in energy level, is connected to the pattern
of the general ocean circulation. In the North Atlantic, low fre-
quency fluctuations have been found to be most energetic in the
vicinity of the Gulf Stream and Recirculation, and in these regions
are more energetic than higher frequencies by one to two orders of
magnitude. In practice, sampling requirements for estimating the
time—averaged properties of the eddy field lead to a data base

______ — 

II—7

-



that may also be adequate for reasonable estimates of the general
circulation . As one example , the Recirculation in the North Atlan-
tic has been found to have a strong and narrow , weakly depth—
dependent component .

The mesoscale has been studied most extensively in the North
Atlantic (by, for example, the MODE and POLYMODE programs), with

• the secular scale investigated more thoroughly in the North and
Equatorial Pacific (by, for example, the NORPAX program). Both
scales are observed to exist in both ocean basins. There has been
progress in the  unders tanding  and p r edic t i on  of El N iiio and of up—
wel l ing In the  Gulf  of Guinea.  Gulf Stream or Kuroshio Rings with
a diameter of 150—300 km and moving at 3—7 cm s~~ would appear as
a contribution to the temporal mesoscale. Our Information base on
Gulf Stream Rings has been sharply enhanced In the last decade. In
the North Atlantic the mesoscale Is most energetic near the Gul f
Stream , and the secular scale picks up moving away from the Gulf
Stream into the interior of the gyre . In the ?t1~DE—I area the sec-
ular scale is the dominant contribution to the eddy kinetic energy
in the thermocline (a f a c t o r  of two h igher  than the mesoscale) .

Two new types of numerical models have be’n developed in the
• last decade , in parallel with the acquisiti ,..~ of modern data.

Gyre—scale eddy—resolving numerical models yield a spatial coinci-
dence of energetic eddies with the model equivalent Gulf Stream /
Recirculatlon , In qualitative agreement with the available data.

• In these models , eddies are formed by ins tabi l i t ies  in the general
circulation , and teed back to drive a deep mean flow (deep down-
stream increase in transport of the Gulf Stream?). Regional numer—
ical models indIcate an eddy field that is less depth—dependent In
energetic areas and more trapped to the thermocline in areas of
weaker energy and rough topography, also in qualitative agreement
with the data available.

Prospects for the Future: One might envision a vigorous pro-
gram of World Ocean Exploration in the next decade. The data base
for the low frequency field is rather sparse throughout the oceans.

• The weakly depth—dependent segment of the general circulation is
virtuall y unexplored. One would also anticipate the addition of
realistic topography to gyre—scale eddy—resolving numerical models.

We are in the process of discovery of the fundamental charac—
• teristics of the eddy field and the weakly depth—dependent compon-

ent of the general circulation . I t  is an exciting time, and the
next decade should be very rewarding in this area of research, If
sufficient resources are made available. The entire spectrum of
existing technology would probably be useful In this exploration ,
and new techniques such as acoustic tomography should be exploited
as development and testing are completed. The main strategy of
geographical exploration Is to intercompare data from geographi-
cally distinct areas. An interesting next step would be to inter—
compare observations from different ocean basins, the North Pacific
vs. the North Atlantic for example.
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For more detail , concerning Low Frequency Vari abili ty see
Section I I I  pp 2, 11, 12 and Sec t ion V pp 6, 31, 32 , 33, 34 ,
40, 41, 54 , 76 , 82 , 91, 93, 98, 99, 103, 108, 110 , 111, 112 ,
118, 119, 126.
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L A R G E — S C A L E , W I N D — D R I V E N ,
G E N H R A L  C I R C U L A T I O N  I N  T H E  I N T E R I O R  O C E A N

W a r r e n  B.  W h i t e
S c r i p p s  I n s t i t u t i o n  of O c e a n o g r a p h y
U n i v e r s i t y  o f  C a l i f o r n i a , San D i e g o

La J ol l a , C a l i f o r n i a  92093
• 7 1 4 / 4 5 2 — 4 2 5 6

The classical theory of the wind driven general
c i r c u l a t i o n  in t h e  i n t e r i o r* o c e a n , f o rm i n g t he b a s i s  o f

• n e a r l y  a l l  p r e s e n t — d a y  o c e an  m o d e l i n g  e f f o r t s , w a s  pr o p o s e d
b y S v e r d r u p  o v e r  30 y e a r s  a g o .  In  t h i s  t h e o r y , t h e  z o n a l
c u r r e n t s  in t h e  o c e a n  i n t e r i o r  a r e  r e l a t e d  to  t h e  r o t a t i o n a l
c o m p o n e n t  o f  t h e  w i n d .  S v e r d r u p  h i m s e l f  w a s  a b l e  to a p p l y
t h i s  t h e o r y  i n  e x p l a i n i n g  t h e  t h e n  p u z z l i n g  e x i s t e n c e  of t h e
N o r t h  E q u a t o r i a l  C o u n t e r c u r r e n t  in t he  P a c i f i c  in  t e r m s  of
t h e  r o t a t i o n a l  c o m p o n e n t  of  t he  T r a d e  W i n d s .  A f e w  y e a r s
l a t e r  M u n k  e x pa n ded  t h i s  a p p l i c a t io n  by s h o w i n g  t h a t  t h e
t h e o r y  c o u l d  r e p r o d u c e  t he  q u a l i t a t i v e  f e a t u r e s  o f  t h e
S u b t r o p i c a l  and  S u b a r c t i c  g y r e s  o f  t he  N o r t h  P a c i f i c  in
terms of the rotational components of the Trade Wind and

• Wes t e r l y  w i n d  s y s t e m s .  P a r t l y  b e c a u s e  of  t he  i n i t i a l
a p p a r e n t  s u c c e s s  o f  t h i s  t h e o r y  in  e x p l a i n i n g  t h e
q u a l i t a t i v e  aspects of t he  g e n e r a l  c i r c u l a t i o n , s u b s e q u e n t
y e a r s  saw l i t t l e  e x p e r i m e n t a l  e f f o r t  d e s i g n e d  t o  t e s t
q u a n t i t a t i v e l y  t h e  a s su n p t i o n s  and  c o n c l u s i o n s  of  t h i s
t h e o r y . H o w e v e r , i n 1976  t h i s  situation c h a n g e d  w i t h  t h e
inception of the Anomaly Dynamics Study (ADS) in the
m i d — l a t i t u d e  N o r t h  P a c i f i c .

The ADS program is a multi-university cooperative
p r o g r a m  w i t h i n  N O R P A X , c o n t a i n i n g  b o t h  e x p e r i m e n t a l  and
theoretical components studying the transient behavior of
t h e  N o r t h  P a c i f i c  C u r r e n t .

T h e  ADS f i e l d  e x p e r i m e n t  c o n s i s t s  o f  m e a s u r i n g  t h e
surface w i n d — d r i v e n  f l o w  a n d  t h e  t h e r m o c l i n e  s t r u c t u r e  of
t h e  N o r t h  P a c i f i c  C u r r e n t , f r o m  30 — 5 0N , 180 — 130 W , on
a monthly basis since January 1976 .  By investigating how
t h e  s u r f a c e  c u r r e n t s  a n d  s t r u c t u r e  of t h e  m a i n  the r m o c l i n e
of the North Pacific Current respo nded to the very severe
autum n/winter storm forcing by t h e  W e s t e r l y  W i n d  S y s t e m  in
19 7 6 — 7 7 , k e y  a s s u m p t i o n s  v i t a l  t o  t h e  c l a s s i c a l  t h e o r y  o f
the wind—driven general circulations are able to be t e s t e d
( a t  l e a s t  t e n t a t i v e l y ) :  ( 1 )  t h e  a s s u m p t i o n  t h a t  t h e
h o r i z o n t a l  m i x i n g  of h e a t , s a l t  and momentum by baroc linic
meso— scale eddies in the ocean interior is negligible has

* Away f r o m  the d i r e c t  i n f luence  of the western , eastern and

equa tor ia l  boundar i e s .  11-10
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been shown to be true in this part of the ocean; (2) the
assumptIon that thermoha line processes in the uppe r 500 m of
the ocean interior are negligible has been shown to be false
here; (3) the assumption that the wind—driven surface
currents in the ocean interior move 45 to the right of the
w i n d , in  t h e  m a n n e r  p r o p o s e d  by E k m a n  in 1905,  h a s  bee n
shown to be false , moving more like 30 +5 ’ to the right
of the wind; and (4) the assumption that the main
thermocline is displaced vertically by the convergence and
divergence of surface wind—driven currents has been shown to
be true.

The  s u r p r i s i n g  result from the ADS field experiment is
t h a t  a l t h o u g h m a n y  o f  t h e  a s s u m p t i o n s  i m p o r t a n t  to t h e
c l a s s i c a l  t h e o r y  h a v e  b e e n  f o u n d  to  be t r u e  ( i f  s o m e w h a t
modified), the influence of the rmohaline processes
(neglected in the classical theory ) have emerged as dominant
in modifying the strength and location of the North Pacific
Current. The response of the ocean the rmocline structure to
the rotational component of the wind was found , but its
influence upo n the character of the North Pacific Current
was small compared to  t h a t  of  t h e r m o h a l i n e  p r o c e s se s .

In  th e f u t ure , it will be important to establish those
areas of the interior ocean where the general circulation
does not conform to the classical theory put forth by
S v e r d r u p .  As i n d i c a t e d  f r o m  t h e  ADS f i e l d  e x p e r i m e n t , t h e
interior mid—latitud e North Pacific is one suc h area ,
wherein thermohal ine processes dominate those proposed in
the classical theory . To gain further understandin g in t h i s
a rea , large—scale experiments , of which the ADS i s a
p r o t o t y pe , will be needed to establish the vertically
integrated budgets of heat , salt and momentum , as well to
determine how these quantities are transported horizontally
o v e r  l a r g e  d i s t a n c e s .  In a d d i t i o n , s m a l l  s c a l e  e x p e r i m e n t s ,
of wh ich the recent MILE (Mixed Layer Experiment) is a
p r o t o t y pe , will be needed to establish the processes
I mp o r t an t fo r v e r t ical t r a n s fer of h ea t , salt and momentum
over the upper few hundred meters of the ocean. To
accomplish this in the often severe weather conditions of
t h e  m i d — l a t i t u d e  oceans will require the use of remote
sensing b y- satellite (e.g., surface topography , wind/wave
field), expendable devices (e.g. , measuring temperature ,
salinity, and velocity with depth) , and special ancillary
experiments designed to calibrate important physical
processes in terms of more readily mea sureab le parameters.
T h i s  k i n d  of l a r g e — s c a l e  e x p e r i m e n t a l  e f f o r t  w i l l  r e q u i r e

• dedicated funding over a period of years and info rmal
coordination between many subspecia lties in the
oceanographic community.
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For more details concerning Large—Scale Wind—Driven Circulation
see Section III pp 4, 11 and Section V pp 5, 13, 15 , 22 , 23, 29,
31, 47 , 49, 57 , 66, 67 , 69 , 74, 76, 110, 119.
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THE NEAR SURFACE OCEAN

Russ H. Davis
Scripps Institution of Oceanography
La ~lo1la , C~ Ufornia USA 92093

( 7 i4 )  452 4415

• The past two years have seen an accelerating pace of investi ga-
tion of the oceans ’ upper layers . Phenomena of interest range from
the turbulence responsible for creating the mixed Li ver , th rough the
energy dominant surface waves and the internal waves and inertial
motions connecting mixed layer and deep ocean , and on to  processes
having large horizontal scales such as the surface m a n i f e s t a t i o n s  of
mesosca l t ’  eddies or the seasonal thermal cycle. Most of these phe-
nomena are’ discussed elsewhere in this report and what follows focuses
on those’ aspects central to the near surface ocean .

Of upper ocean phenomena , the best understood are genera t ion  and
propaga t ion  of s u r fa c e  waves. Much remains to he discovered about

• the mechanism of momentum transfer from wind to waves and currents ,
hut prediction of energetic surface waves is primarily limited by
ignorance of the detailed wind field. The distribution of energy by
wavele ngth and p ropagat ion in a typ i c a l  s e a — s t a t e  is r ea sonably  wel l
understood , enough so that remote sensing of surface waves is a viable
technique for observing winds and surface currents.

• Recent Intensive field programs such as (~ATE (Global Atlantic
Tropical Experiment) and MILE (Mixed Layer Experiment ) have documented
the presence and temporal variability of an energetic “sea state” of
internal waves and inertial motions in the mixed layer and seasonal
thermocline . Combining results of various observationa l methods such
as Paulson ’s thermistor chain tows , Pinkel’s long range sonar veloci—
meter , and more conventional moored instrumentation (see reports by

• Burt , Davis , de Szoeke and Halpern ) should provide a growing empi rical
description of the internal sea state. As the volume of data grows
the empirical description may approach in adequacy that which is known
of the deep ocean internal wave energy and suggestions about  the  mech-
anisms of generation and decay will result from the  variations observed
In time and geographical location . Following the course found so
successful in understanding surface waves , laboratory studies of in-
ternal waves and similar scale motions generating m i x i n g  and upp er
ocean turbulence bridge the gap between idealized theory and h i g h ly
comp lex oceanic truth (see reports by Browand and Maxworthy).

Mo t I vat eel by a desire t o  predict large ’ scale (tens 0 t h o u s a n d s  ot
kilometers) features of the upper ocean , theoretical and observational
investigations of the mixed layer have accelerated over the last few
years . Theoretical models of the mixed layer ( t h e  one d i scussed  i n
this report by Elsherg and Carwood is an exa mp le) foctis on atmospheric
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i n p u t s  ot  heat and momentum catis 1mg storage of heat in the mixed
Liver and re~l i st rihut i o u  by vert teal m lxtng processes related t o
w i n d  t or e -e~l cu r r en t s .  Work c on t i n u e s  on the transfer processes
between a t mo s p her e  and ocean (see reports by L i n g  and Kao and by
h u r l i n g  and P ond)  w i t h  a focus primarily on increased accuracy
ot des cribing reasonab lv  w e l l  unders tood p rocesses. Obse r v a t i o n a l
progra ms In  t h e ’  oceanic mix e d  l ay e r , on the o ther  hand , focus  on
d e s c r i b i n g  .1 c omp lex  st a t e  of v a r i a b i l i t y  very much d i f f e r e n t f r o m
th e ve ’rt i c a l  m i x i n g  concep t  of t h e o r i e s .  Expe r imen t s  desi gned t o
look .it  th.• mi  X C ’L I l.iver in  d e t a i l  ( l i k e  MILE , JASIN , GATE and POLE
d i s c u s sed  i n  t h i s  r e p o r t )  show marked lateral variabilit y of t ern—
p e r a t u r & ’  and s a linit y , in di ca t ing lateral mixing and formation of
s ma l l  f r o n t s .  Vel oc i ’v f i e l d s  v a ry  rap id l y in the horizontal sug-
gest ing  t h e  v i g o r  ot  e ’eh lv p r o c e s s e s .  Unde r s t and ing  of these l a t e r a l
v a r i a t i o n s  is  c l e a r l ~ a c r i t i c a l  need in upper  ocean research . In
p ar t  new t h e ’oret i cal  f r ameworks  are ’ r e q u i r e d  hu t  , in large measure ,
progress is held hae’k by our Inabi lit y to  observe con t inuous ly  In
t i m e ’ a v o l u m e  ~ t hi ’ upper  ocean

b. ’c . i t i se ’ ot  t h e ’ g r o w i n g  i n t e r e s t  in the three dimensional mixing
processes in t he  m i x e d  l a y e r  and seasonal rhe rmocl ine , i t  is encourag-
ing  t h a t  new o b s e r v a t i o na l t o o l s  p romise  to a l l o w  more i n t e n s i v e
s a m p l i n g  of  t h e  upper ocean . Not only are methods  of observing
t u r b u l en c e  and m l e r o s t r u e ’ tu r e  be ing  p e r f e c t e d  (see Lange ’ s summary
in thi s r ep o r t )  h u t  surv,’v t o o l s , p e r m i t t i n g  samp l i n g  of volumes of
upper ocean are b e i n g  developed . Improved methods  of rap idl y gathering
p r o f i l e s  of temperature and s a l i n i t y  over a h or i :~ontal  p a t t e r n  (see ,
for examp le , reports by Si ppi can and Paulson) , obta ining reliable
time series of upper ocean c u r r e n t s  ( c f .  Davis , H alpern , Pinkel , Wunsch)
and even s p a t i a l  samp l i n g  of v e l o c i ty  ( c f .  Sanford , Stommel and
Re’g ie ’r)  h o ld  g rea t  p r o m i s e .  I t  Is exp ec ted  that  concerted observa-
t i o nal  programs emp l o y i n g  such improved  i n s t r u m e n t a t i o n  w i l l  provide
new i n s i ghts into mixed layer response to atmospheric forcing and
deep ocean eddy motions , and o p t I m I s t i c a l l y , i n to  the fo rmat ion
and b eh a v i or  of oceanic s u r fa c ’ f r o n t s .

For more de t a i l s  conce rn ing  The Near Sur face  Ocean see Section 111
pp ~e , 6, 9, 11 and Section V pp 8, 10, 15 , 16, 23 , 25, 30, 44 , 45 ,
53 , 56 , 66 , 70 . 85 , 86 , 87 , 98 , 106 , 108 , 110 , 118 , 119 , 126.
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INT ERN AL WAVES: OVERVIEW

Me l bourne C. Hriscoe

Woods Hole Oceanographic Institution

Wood s Hole MA O.~543

Tel : (e1 7) 548—1400 , ex t .  524
The past ten years have seen an intense effort in the study

of in te rna l  waves and major progress has been made , e sp ec ia l ly  in
the deep ocea n awa y from the d i rec t  i n f l uence  of strong currents,
atmospheric e f fec ts , and boundaries.  We are now able to state ,
w i th  good statistical confidence , what the space-time spectrum of
the  deep,open-ocean internal wave f ield  look s like , and a struc-
turally-sound theoretical basis for why i t  looks that way has been
proposed . The kinematical description of the deep internal waves
is therefore substantially complete. Although continued modest
geographica l explora t ion  is s t i l l  u s e f u l ,  the major  e f f o r t  of the
next few years w i l l  be toward the energetics of the problem : where
does tht ’  i n t e r n a l wave energy come f rom,  what does it do , and where
doe s it  qo.’ Al though s t i l l  speculative, one i n t r i g u i n g  pos s ib i l i t y
is tha t  the main f u n c t i o n  of the in terna l wave f i e ld  is to provide
a means whereby la rge-sca le ,  slow , most ly-hor izonta l  ocean motions

• may he converted to smal l - sca le, rapid , most ly  three-dimensiona l
motions that tend ultimately toward the dissipat ion scales of a few
cm and s m a l l e r .

The pi cture of the upper-ocean internal  wave f ield is con-
s iderab ly  less well-developed. In contrast  to the deep-ocean case ,
the upper-ocean field seems to be t ime-variable,  geospecif ic ,  and
sometimes direct ional , a l though these conclusions are ambiguous due
to the disparate way in which the upper-ocean measurements have
been made and the data analyzed . The technological  challenge of
mak ing  in t e rna l  wave measurements in the uppe r ocean is not helped
by the add i t iona l  d i f f i c u l t i e s  imposed by the s c i e n t i f i c  s t ructure
of the problem , namely rap id ly—changing  buoyancy frequency (Brun t -
V~ is~ l~i)  p r o f i l e s ,  p ropinqui ty  to a boundary ( i .e . ,  the s u r fac e) ,
and strong and var iable  forcing by the a tmosphere .

The pr inc ipal accomplishments of the past two yea rs  have in-
c l uded the final documentation of several major field experiments ,
the proof-of-concept of several new acoustic remote-sensing tech-
niques and upper-ocean instruments and the performance of one
ma)or upper-ocean experiment (MILE ) and the preparat ions for an-
other (JASIN), both of which have s ign i f i can t  in ternal  wave com-
ponents.
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The efforts of the next few years will include the workup of
MILE , the  performance of JASIN , increased study of the overlap be-
twt’eul internal waves and finestructure , particularly in the 1-10 m
vertical scale region , several uses of the new acoustic devices,
and continued theoretica l investigations of non—linear inter-
act ions and internal solitary waves.

Two important kinds of field efforts are only in the talking
staqcs , but are crucial to the development of our understanding
of , ‘su ’ , ’ c i a l l v  upper-ocean i n t e r n al  waves : heavy—weather  experi-
m e n t s , and long-duration experiments. For these to be successful ,
we will need continued validation of our instrument performance
near-surface , partic~ lar1y with respect to bio—fouling and wave-
. o u i e  behavior , and will necessarily have to integrate the studies
w i t h  larger-scale ocean studies and meteorology/air-sea interaction
studies

For more details concerning Internal Waves see Section III pp 6, 9,
and Section V pp 8, 20, 24, 59, 87, 98, 116, 126.
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FINE AND MICROSTRUCTURE

R. Edward Lange
University of California , San Diego
Scri pps Institution of Oceanography

La Jolla , Ca l i fo rn i a  92037

Phone: 714/452—3234

U l t i m a t e l y  a l l  heat , mass and momentum are distributed and
c o n s t a n t l y  r ed i s t r ibu ted  within the ocean by small—scale processes.
rhe understanding of small—scale variability is relevant to Naval
needs in ASW . evaluating sonar performance , subsurface communication
technology , contaminant dispersal , and other related areas of con—
cc’ rn.

TIe st udy of microprocesses (of scales less than a few tens of
m ’ters has two goals : to understand the physics of stratified
t i uld transports of heat , mass and momentum , and to charac terize the
variabilit y of small—scale features in relation to the many and dif-
fer in g  generative mechanisms .

Most measurements have been made by vertical profiling , since
heat and salt vary most rapidly with depth , rather than laterally.
However work in the last year, ranging from benthic measurements of
mixing and advection , to near—surface , storm—induced variability ,
suggests that lateral advection of the remnants of a previously
three—dimensionally stirred body of fluid may be the dominant
source of transport of heat and salt , both in the horizontal and
vertical directions . This is astounding in view of the sharp gra-
dients (and increased vertical diffusion that must result) that are
always seen in vertical profiles of the oceans’ heat and salt fields.

Our inability to construct even a simple heat budget for a
pa tch of the ocean based from fine and microstructure measurements
remains the single most pressing problem in this field , and argues
strongly for a redirection of effort to a survey capability. We
believe we understand generative and dissipative phenomenologies in
the ocean , but we cannot yet understand their interrelationships.

Recent Pro&ress

Significant progress includes the first repeated yo—yo profil-
ing of an active mixing regime, and the resultant highly stable
statistics (in the MILE experiment). We may now be able to examine
in detail flux rates of heat , and higher—order statistics of one
mechanism of small scale variability——that of shear—induced
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turbulen ce . Anoth er si gnifi cant step has been the discovery that
lateral vari abilit y of  sma ll—scale processes is so large that
near l v - s i m u l  taneousi v dropped i n s t r u m e n t s  f a i l  to i n t e r compare  at
scales of inter est In the dlffusiv e ’advective process (in the FANE
experiment).

The recent , careful work on benthic boundary layer mix ing  and
burst turbulenc e suggests that energy from low frequency internal
waves results in locally—gener ated small— scale variability that may
.idvec t i n t o  t h e  deep sce.ln , and may in fact be a dominant  source of
f i n e  s t r u c t u re  In  the deep ocean.

W o r k  has begun to  u n r a v e l  the differenc es between transient
fine struct ure created by the straining motions of internal waves,
from that ot  persistent , repeatablv observable structures. The be-
havior of  i n t e r n a l  wave spectra derived from temperature measure-
ments has been studied , and the correction for finestructure con-
tamin ation is now reasonabl y well understood as is our ability to
separate out true fine structure features from tha t due to internal
waves.

The vertical prof i l i ng  of shear ( two of the nine componen ts of
the  rate—of—strain tensor has revealed that the interna l wave field
appears symmetric in up—welling and downwelling wave energy , except
near the surface , and at inertial frequency waves , where a promi—
n an t  downward f l ux of energy has been observed. Finally, work has
just begun to I) seriousl y in tercompare sensor techn ology used on
pro f i l ing  and towed ins t rumen ta t ion , and 2) coordina te the many
shear and small scale temperature measurements into an atlas of
observations geographical lv.

Questions raised by recent work

How is vertical heat flux influenced by the lateral advection
of intrusive features? What is the lateral variability of small—
scale processes , and what is a heat budge t for a reg ion of the
ocean~ Why %:as it that a 40—know wind driven sea of 20—feet appear-
ed to not alter the variabilit y of processes just 5 meters below the
surface , during and after the storm? Just how effective is bottom
topography at advecting small scale features to the mid—ocean? And
i m p o r t a n t l y , how do we best expand our measurement capability to
survey small scale variabilit y synopticall y ?

For more deta ils concerning Fine and Microstructure see Section III

pp 6 and Sec ti on V pp 2 . 10, 19 , 20 , 24, 38 , 43 , 63 , 64 , 70 , 83 , 98 ,
121 .
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REMOTE SENSING OF THE OCEANS

The Program of the Office of Naval Research

by

Robert H. Stewart A-025
Scripps Institution of Oceanography

La Jolla , Ca. 92093
(7lL4 )L .~ 2 _ 2 l ~ 0

For centuries oceanography has depended ot sparce measurements made
to creat depth from a few shi ps plodding their way through the seas.
Now we are turning from these intense but local studies toward a gloLal
view of the oceans , and are seeking means to survey the motions of
entire ocean basina and the processes governing these motions. One
a;~~roach to the problem monitors those variables that are sensitive
indicators of the state of the ocean as a whole or that represent tfo
integrated effect of processes over the oceans. But these studies mu~~
b~~~~~~cr  * n ~er~ted ~y detailed observations of large areas. This is ti~-

~-c’iain of remote sensing, a neol og ism for tools as varied as the
~rocesses and variables they seek to observe.

N 7t surpr i s ing ly,  the most w idely used tech ni ques are the oldest .
infrared and visible images of the sea made by operational weather
satellites are now specially processed to enhance oceanic features , arJ
are rout inely used to map features having thermal contrast such as th -
edge of the Gulf Stream . Among contractors to the Office of Naval
Research , D~iing and Brown have studied long waves in equatorial regions
and the dynamics of the western Indian Ocean , particularly the Somali
Current; while Bernstein , observing areas off the California coast , f~a~
shown that even weak thermal features are often representative of deeper
structure and can be used to study currents. A number of investigators ,
including Richardson , Mollo-Christianson , and Bane and Brooks , are
studying the Gulf Stream using satellite images ; Holyer uses LANDSAT
images to observe the Pacific; and Roden uses satellite data and surface
analyses to study the motion of oceanic fronts.

In contrast to these varied uses of images from the meteorological
sa te l l ites , the Navy ’s basic research in support of experimental
satellites is considerably weaker , partly because the academic c o m m u n i t y
prefers to wait until a new technique is proven before using it in their
work , partly because skills required to develop satellite techniques
are usually not found in oceanographic laboratories. This latter has
led to cooperative work between oceanographers and space scientists .
I work with Vesekcy at Stanford ’s Center for Radar Astronomy to determine
the ability of synthetic-aperture radars to observe ocean waves , and
wi th NASA laboratories to determine if radiometers on SEASAT—A will he
able to measure oceanic rainfall accurately. At Lamont , Talwan i uses
GEOS-Ill altimeter and orbit data from NASA Wallops Fli ght Center to
study the oceanic geoid , and Gordon expects to determine if these data
contain oceanographic information distinct from the geodetic information .

As oceanographers turn toward satellite instruments , they beg in to
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For more det ails concernin g Remote Sensing see Section V pp 3, 6,
12 , 40 , 55 , 56, 65, 77 , 36 , 106.
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OC EANIC FRONTS

E l i  Joel Katz

Woods Hole Oceanographic Institution
Woods Hole , MA 02543

617/548—1400

In Its broadest sense, and as i t was app aran t ly app l ied in
accepting contributions to the AGU/ONR sponsored Chapman Con-
t e rence on Oceanic Fronts last fall , a front is simp ly a
of discontinuity between two water masses, As a result the con—
b ro nc o inc luded a wide range of topics which , at first glance ,
may seem to have little in coninon beyond the definition . One of
the first tasks facing us in the f u ture is c la r i f y ing  wha t
oceanic fronts do have in conc,~on.

Using the conference as a barometer of present interests In
t rotits , the first major subdivision can be made between coastal
and open ocean fronts.

Coastal fronts exist by virtue of there being a coastline
present and are strongly influenced by both  the loca l  h ot  t o rn  t o p o—
gr a phy and the wind stress components relative to t hat  coastline .
The two most discussed examp les of coastal f ron ts were those re-
lated to the shelf—slope break and to coastal upwvlli ng . Environ—
menta l concern has provided a new impetus to  studios of coastal
dynamics along the eastern coast of the U.S. which includes , as
one important facet , the study of the frontal zone bound ary o f t he
shelf waters at the shelf—slope break. The CUEA project (support-
ed by the IDOE office of the NSF), meanwhile , has sponsored
several case studies of upwelling off the western coasts of the
Americas  and A f r i c a .  Charac te r i s t i c  of the phenomenon tire f r o n t a l
zones at the boundary of the u p w e l l in g  reg ions .

Open ocean fronts are divisible In terms of their ste ’adIne’ss
or permanence. Large currents , such as the Gulf Stream , often
satisfy the definition of ri front , though f ron togen esis an d
t r on t o l ysls  are not c l e ar l y  assoc iated  w i t h  them. ( I m m e d i a t e
except  Ions arise when the current Is seasonal , such as t h e  Som a l i
c u r r e n t ) .  To the above can be added the f r on tal zones that mark
the edges of -~~ m a j o r  water mass, such as the Polar Front , or - ‘

result due to ~he topographic disturbance of a sill , or a m i d —
ocean r i dge , tc the movement of a water mass. 
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iii cent ras 1 e the above a i- c those mid—ocean fronts which ,i re

• 
h i t  e rmi t e n t  and t 1w ret ore the  s t u dy  of f r ontogenes  is and t rent —

ol vsi ‘i is the whole key to  their prt’sence . These occur in bro a d l  v
do f lne’d sui t a. e conve rgL’nce re~ tort s , such as in the sub— t r ep i~ •~

the At laat I ~ and Pac if I ~ Oceans , h u t  on sma I it’ r sca le s  may he me F e

ubiquitous. Recent st ud los of nil tI—ocean front s have approached
runt  oh . -nos Is  I ron two d i r e c t  I ens: t I h O V O  and below . Above Is the

at  mosp he r I c w in d I I t ’ I d  and i t s  loca l  I or.’ lu g ;  b e l o w  Is the nose—
scale eddy t le  Id . Ho t It can and probab lv do t’ t l l I S t ’  the l ocal  l i t t o n —
si f it - .it ton ot later al gradients which result in we! 1—defined ,
albeit i n t e r m i t t e n t , f r o n t a l  ;sones, The p rospec t s  of significant l~
Increasing our understanding of frontogenesis is l i nked  to the
I lit ’ rts,tsod oporat tonal use o I remote sanip ly i n g  t echn iques  such as
sate 11 ito sea surt act ’ teniperat nrc , s u r f a c e  w i n d  mea surement s , and
d rogues .in.l t he •t h r  I a unched XBT (and XST I)? )

FIn-  eel I apse o I I r en t a l  ;sones , on the other hand , is most
I i  ke l v  t .‘ lie undo rst ood from smaller sea I~’ obsorvat  ions made f r om
a sit i p and t hen tnt reduced  t e thee ri ’ t Ic a I tie .lo 1 s . The new methods
0 I nlea surement s which result tu 1 inc s c a l e  observa t ions  of  dens i t  v
and current have’ ~‘c- t to be appi it’d svstema t teal lv to the study of
t rontolvsis . Here , the ’ study of the vari ety of fronts have a
coimnon interest thoug h emp h a s i s  may vary . Mlxi ne’, is occurring in
a ll f r o n t .iI :ton e ’S and the  tnt or leavIng of w~it er maSSe’s •is it pre—
1 tide to mixing lt.ts been observed in many . The’ richness of front s
p er m i t s  the  s tuds ’  of the’ mixing process in it w i d e  range’ el  s t a h l —
lit v p,t rame t ors • f r i  c t ton~i I f a c t  o rs and forcing moch an I SmS

For more d(’ .t u s  concern  I n c ~ Ocea n Ic Fronts see Sect Ion V pp h , 7,
~ti . 58, 54 , 78, ~~

I l — _’ .~

~~~ ~~~:~~
_ _~ ~~~~~~~~~~~~~~~~~ ~

‘
~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



~
,.7,— 

~~~~~~~~~~ T T ~~~~~, ”- 
~~

‘
~~

‘
~~~~~~~~~~

“- 
~~~~~~~~~~~~ 

~~~~

‘ — - --

~~

--

WESTERN BOUNDARY CURRENTS

Wa lter Duing
RSMAS, Univers ity of Miami
4600 Rickenbacker Causeway

Miami, Florida 33149
Phone: 350—7566

US oceanograp hers are participating in several year programs iii two western
boundary currents (W BC’s), t he Gulf Stream (GS) and the Somali Current (SC) and
occasionally in programs in the Kuroshio region. Present experimental work in the
CS region is focused on GS-rings, topographic Rossby waves and meanders, the flow
into the Caribbean and the deep Western Boundary Undercurrent. Research in the
SC region concentrates on the response of the ocean to the monsoon onset , the
interaction of the boundary current with very large eddies and coastal upwelling.
Observat ions since 1975 are showing strong interannual variation and are resulting
in preliminary eddy statistics. Supporting the field work are theoret ical
investigat ions on the formation and decay of eddies and rings, their significance to
t he large-scale circulation and their potential role in oceanic heat budgets. Y’~
fluctuations in the period range from 4 to 25 days are interpreted in terms of
topographically or atmospherically forced waves or as baroclinic instabi l it ies.
Several model studies (mostly numerical, one dishpan) are underway to investigate
conditions in a strong cross-equatorial boundary current.

Recent results span the spectrum from large-scale to meso-scale processes.
Pie inter ior transport of the subtropical gyre is found to be consonant with the
l inear dynamics of the Sverdrup curl-of-the-windstress relation. Computed interior
transports compare well with directly observed transports in the Florida Straits. i t
is very likely that the dirgctl~ w ind-driven segment of the North Atlantic gyre is

ref lected in the 30 x 10 m /sec moving through the Florida Straits , w ith a

downstream transport increase induced by the eddy field, especially at depths
below the main thermocline. The separation mechanism of the GS and other WRC ’s
from the coast is determined by the intensity of thermal driving as well as by w ind
stress. New information on CS rings and on SC eddies indicate that southward
propagating cyclonic rings are typical for the CS, while northward moving
anticyclon ic eddies are typ ical for the SC. By far the most energetic f luctuations
in the GS fall in the period range f rom 4 to 25 days contributing about 60% to the
overal l variance (tidal motions contribute about 25%, seasonal fluctuations about
12%). While there is high correlation between oceanic and atmospheric
fluctuations, particularly around periods of 5 and Il days, the generation
mechanism of these f luctuations and their precise nature are still obscure.

The great significance of the oceanic component in global heat budgets has
recent ly been demonstrated; it has been emphasized that WBC ’s are carrying most

of the mer idional heat flux. An excellent demonstration of these general results is

based on the impressive contributions by the USSR in the f ratriework of the
Cooperative Study of the Kuroshio since 1965; their analysis reveals evidence that
long-period fluctuations on a time scale of 5 years are constituting an important
c limatological link between the Kuroshio and the California Current (similar
observat ions do not exist for other WBC’s).

Most problems encountered in the current research relate to inadequate
observation tec hniques, but there are also conceptual difficulties. Our observation
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techniques are ill-matched to decipher the governing physics in W BC’s. We are
often defeated by te m poral and spatial inhornogeneities, i.e., we need integrative
measurements rather th~ ri point measurements. The dominant heat and momnentumir
exchange occurs in the upper layer of the ocean but surface platforms are diff icult
to ma intain over long time periods, let alone in the intensive flow of WB C’s.
Technical and conceptua l problems are often closely related. Heat flux
computations require a re liable reference temperature; how can it be deter m ined7
Another problem ‘ ory ’ e’rrm the question, on w hich spatial scale the concept of
negative viscos ity should be applied? Strong kinetic energy flux can be directed
f rom f luctuations to mean flow and v i e  versa on a local scale. On large scales
these fluxes appear to be smaller. On which scale are energy flux (and heat f lux )
considerations re levant to a part icular problem?

It appears to me that work during th~e next f~ w years should concentrate on
t’~o WBC ~eg ions: in the At lantic from 15 N to 40 N and in the Indian Ocean from
5 S to 25 N. These regions include a slowl y-varying mid-latitude current and a
quickly-varying low-latitude current. Both systems play an important role in
mer idional heat transport contrasting a positive , northward heatf iux in the GS and
negat ive, northward heatf iux in the SC. it appears mandatory to make a
commitment to two long-term key programs:

1. Establish temporal and spatial statistics of eddies in both regions as well as
eddy decay and format ion time, keeping in m ind that not the eddies
themselves , but their ef fect on the circulation, are of interest. This work
should preferab ly use remote sensing methods and large numbers of satell ite-
tracked drift buoys and sonar-tr acked subsurface drift buoys.

2. Begin monitoring programs in selected areas, for  examp le:

a) Start wit h an intensive two-year pilot program in the Florida Straits to
determine the most effective way for monitoring mass transport and
temperature; a less intensive monitoring program should follow for the
remainder of t he next decade. For reference purposes, repeated
temperature sections should be run at the same latitude across the
entire Atlantic, say four t imes a year , and if possible, also along a
shorter cross section of f Cape Hatteras to monitor the deep thermal
structure.

b) Begin monitoring “simple” variables such as the recent.~Jy observ~çd
strong temperature changes at coastal stations between 4 S and 10 N
off East Afr ica , relating to monsoon onset , t he passage of large eddies
and coastal upwelling.

Programs of a shorter life-span supporting these two long-term key programs
wi ll automatically result. Development of instruments and methods will indirectly
accom pany the long-term programs. Theoretical work supporting these observa-
tional e f fo r ts  should include frontal models in isentropic coordinates. Air/sea
interactive mneso-sca le models, incorporating WBC ’s are urgentl y needed for
meaningfu l experimental design in the next decade.
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For more de tails concerning Western Boundary Curren ts see Section
III pp 2, 4 and Section V pp 3, 9, 12, 13, 27 , 34, 40 , 58, 67 , 77 ,
92 , 93, 94, 102, 103, 109, 111, 112, 121.
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B E N T U I C  BOUNDARY LAYER

Mark Winibush

;radua te School of Oceanography
Im nivers i t  v of Rh o de  I s  l an d

K i n g s t o n , R .l . D2~ H l

( 41) 1 )  7t ) 2~~ 6 1 50

L x p e r i m c i i t  i i  stud ie~- ot t h e  ;ih v ssal—henthi - houwl.-m rv l iver
a do . emi \ta r s ago. The ci r I iest studies cofli i rmued time

t X  i st  i -n t  e o I ~i sh e a r —  turbul ent h o i m u d a  ry 1 aver extending 5 to 5(1
rne ter-~ above the deep—sea floor. P r oj  t I e s  of mean velo city and
t empe r a t  u rt i i i  ti me lower I O—2 (Y~- of the boundary I a ver  w er e  found
to be s i ml l a r  to  t hose  i n  st cad v non—rot a t  i ug turbulent 1 ows in
t h e  l a b o r a t o r y , w h i l e  t he  upper part  of t h e  layer was  t omp i 1t ~~ted
by ci lee I s of t i n t ’  var j a r  ion  and r o t a t i o n . Recen t  lv , Weather l v
has d e v e l o p e d  nume r [cal  mode I s  (or  t h e  cut ire boundary layer , and
tes t lu~ om these w ith observat I ona I data is in progress.

A hot tom mixed layer is often observed to extend to elevations
f ar  ab ov e  the  t u r b u l e n t  houn dir~ l ay e r  t h i c k ne s s .  Arm !  has i n v e s—
t L~mt ed the b o t t om  m i x e d  I a v e r  and he suggests two a l t e r n a t i v e
exp l a n a i  i ~‘ns: boundary layer mixing by tips trearn topographic
f&-mtu r t ’s, or i-oIl—w ave m i x i n g  a t  the top of an i n s u f f i c i e n t ly  t h i c k
Liver , caused by an interna l Froudt- number Inst abi i tv

Interest in thc t u t - b i m l e n t  structure of the h e n t h i c  b o u n d a r y
I ave r was aroused when Cordon , at the Nava l Research Laboratory ,
measured time large st ile ( -  1 meter) turbulence in a tidal river ,
and reported that most of the t mi rbu lent transfer of momentum
occurred in occasional even t s  of high Reynolds stress. These
events were presumed to he manifestations of quasi—ord ered struc—
t nr a  I deve I opmt-nt s , c a l  led ‘burst ing ‘ in t he  labor a t o  rv f l ow s  w h e r e
t h e y wt-re in i t  I al lv discovered . Recent lv , apparatus for measuring
t mm rh mi tenet in t h e  deep se :m has been dcv i .’ loped  . WI i l l  ams ‘ acoims ti c
sy s te m can r e s o l v e  sca l& - s of 11) cm , w h i  i t  (‘, l se lh er  Gus t ’s m e t a l —
clad hot  w i r e s  can resolve a I r a t - i  i o n  ot a cent  m e t e r .  E x p e r i m e n t s
with Williams ’ system in the ahvssal boundary laver . wi l l begin in
1918.

I n t e r a t - t ion of the henthic boundary Liver  w i t h  the  sea bed
o c cu r s  because of t he  various flow drag characterlst Ics of different
bedforms and sed iment suspensions , and because of the potential
.ib j lit v of the current shear to transport bottom sediment. J.
Diingan Smith (under NSF and Dept. of Energy support) has stud led
t m ’se m t  erac t ions on t i m e  cont  m e n t a l  s h e l f  and has deve loped
num eri cal mode is for the processes Involved . In the deep F I or Ida
Straits , Wimh -e h has related tim e—l apse motion p icture observations
ol setI Iment mot ions to recorded current speeds in the boundar y
l a v .~- i

l~en t h  Ic anima Is form mounds and depress ions which influence
the overall boundary layer t low through their effective roughness.
Al so t h e  a n i m a l s  can i n c r e a s e  or dec rease  the erodihilitv of the
b o t t o m  sediment . These t’ 1 feet. s have been s tud  ted liv l)ona ld C.
k)mo,ids (tinder NS i-~ support ) and others.
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A characteristic feature of the benthic region is the
intensity of the physical—geological—biological—chemical inter-
actions tha t are occurring there. Because of the tnterdependern-t’

of processes in these different disciplines , progress in any one
f i e l d  of b e n t h i c  research has often been hampered in the past by
a lack of knowledge of influential parameters from other fields of
endeavor. Joint interdisciplinary experiments are obviously needed
in the future .

A t presen t , the time is ripe for solving two physical problems
of the  benthic boundary layer. The first of these is the problem
of predicting the turbulent flow properties near the bottom from
known ilow conditions above the layer. The second problem is that
of pred icting the response of the sediment to the near—bottom
tu rbulenc e. In f a c t  these are no t rea l l y separa te problems ,
because the sediment moving in response to a competent flow may
create bedforms or dense near—bottom suspensions which then have
a marked effect on the overly ing turbulence. The joint solution
of these problems would enable us to predict sediment dynamics f r o m
th e hydrod ynamics of the flow outside the boundary layer. But
diff erent sediments in different regions w i l l  r e q u i r e  separa te
study , until we learn how to parameterize properly the sediment
erosion properties.

In a typ ical deep—sea site , the sediment is rarely disturbed .
Apar t  f rom the occasional  s t i r r i ng  by a b e n t hi c  anima l , t he sedi-
ment is unmoved u n t i l  an even t of unusually strong bottom flow , and
associated turbulent shear stress , occurs. It is q u i t e  unknown how
long an exper iment  is required for the results to he cons idered
r e p r e s e n t a t i v e , bu t  a d u r a t i o n  of a few days , or even weeks , is pro-
b a b l y  too short at most deep sites .

In itia lly, at leas t , it seems wise to concentrate on high—
energy locations where the turbulence is more vi gorous , and
competent currents are more frequent. Preliminary planning for
a high— energy benthic boundary layer experiment (HEBBLE) , involving
pr in ci pa l ly  phy sic ists and geologis ts, was conducted at a workshop
in Colorado in March 1978. An often discussed candidate region
was the continental rise off Nova Scotia and New England , where the

• Western Boundary Undercurrent sweeps rap idl y across the bott om.
Curren t meters and turbulence sensors would be used to study the
f l ow , and cameras and recording transnmissometers (or nephelometers).
together with sediment traps , would be used to monitor bed—load and
suspended—lo ad  sed iment transports. Box cores of sediment from the
region would be brought to the lab for grain size and other
analyses. Hydrographic  densi ty str uc tu re wou ld be moni tored w it h
a shi p—l owered CTD, or perhaps a benthic cyclesonde array. I f  t h e
mixed layer thickness were recorded upstream and downstream of the
New England Seamoun ts, the mixing effec ts of these topographic
fea tu res could be inves t igated .

Such an experiment , conducted jointly by physicists and geolo-
gists , would gr ea t l y improve our understanding of the dynamic
processes occur r ing  in the benthic boundary layer , and would lead
the way to still broader experiments in the future.
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For more details concerning the Benthic Boundary Layer see
Section V pp 2, 92, 100, 117 , 122, 123.
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GULF STREAM RING EXPERIMENT

Phil ip L. Richardson
Woods Hole Oceanographic Ins t i tu t ion
Woods Hole , MA 02543
(6 17) 548—1400 , X 54 6

A ri ng is formed when a Gul f Stream meander pinches off
from the main current and forms an intense eddy of swiftly flow-
ing water. During the formation of a cyclonic ring a sizeable
mass of slope water originally located north of the Stream and
containing its own biological and chemical components is carried
south of the Stream and into the Sargasso Sea. Rings are large
eddies u1- to 200 miles in diameter; they occur frequently in the
northwestern Atlantic and are of primary importance to the
physics , chemistry , and biology of the region . Recent numerical
modeling studie s suggest that r ings vi tally a f fec t the size and
shape of the entire Gulf Stream gyre including both the near sur-
face and deep water .  Rings also a f f e c t  the nearby water in which
they are imbedded . Although we know a considerable amount about
the general nature and importance of rings we have lacked su f f  i-
cient information to predict or model their behav ior . Thus a
group of investigators has come together and is conducting a
multidisciplinary study of cyclonic Gulf Stream rings. Both
the Of f ice o f Naval Research and the Nationa l Science Foundation
are funding  th is  work.  The long-range objectives of the experi-
ment are: 1) to learn abou t ring dynamics , mechanisms of r ing
decay , and the interaction of rings wi th the surrounding ocean ,
2) to acquire data in order to develop and test physical , chem-
ical, and biological models , and 3) to measure and describe the
horizontal and vertical structure of biological populat ions ,
chemical constituents, and physical proper ties and to rela te —

these to the changes in gross ring structure .

In order to implemen t these objectives we carried out an
interdisciplinary field program during 1976 and 1977. The pro-
gram focused on the time evolution of two Gulf Stream rings and
consisted of the following : an initial search by NAVOCEANO
AXBT surveys to f ind a newly formed r ing; a series of cru ises
wi th wh ich we used XBT surveys to measure the size and shape of
the rings; CTD—02 profiles along with discrete samples for
chemical analysis to measure the deep ring structure and water
properties, f ree ly  f a l l i n g  instruments to measure velocity struc-
ture , and net tows and traw ls to measure the biological struc-
ture; and the use of free—drifting satel1ite-~tracked buoys and
satellite infrared imagery to follow the movement of the rings.
The time series data consists of the results of four major
interdiscip l inary cru ises which were spa ced at intervals of
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three months and a series of shorter cruises which were obtained
on a ship-of-opportunity basis and which helped fill in informa-
tion in the in tervening times.

Our major effort during 1976 and 1977 was preparing for the
f i eld program and carry ing it out. Because of the intense activ-
ity during that period associated with the cruises we have only
recently been able to beg in a careful analysis of the data tha t
we obtained . We expect to finish most of the analysis in 1978
and 1979.

Our major accomplishment to date has been to define many
aspects of ring behavior in the Sargasso Sea. During the ex-
pe riment we t~~I 1~ wed from birth to death two cyclonic Gulf
stream r ings  each of which had a lifespan of seven months. In
addition we surveyed three other cold core rings and obtained
comparative data in the Gulf Stream , in the Slope Water north of
the Stream and in the Sargasso Sea south of the Stream. A com-
plicated picture of rings is emerg ing from the data. Evidence
suqqosts that one ring split into two pieces and that two other
separate rings collided . Several rings coalesced with the Gulf
Stream . Some of these turned into open meanders , others were
advec-ted downstream and others reformed as modified rings .

For more details concerning the Gulf Stream Ring Experiment see
Section V pp 91 , 93, 98, 103, 112 , 121.
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PH!
Project Title: ‘ IliD€ X: An Oceano graphic Contribution to International

Prograin~ (FGGE /MONEX and IOC/CINCW IO) in the Monsoon
Rt~~iO! o’ the Indian 0cean~

Con tact: Denrn s n. ~o ore

~ Un i ve r ~ i ty Ocean Sc i ences Cente r
8000 ~or tb Ocean Drive
~~ nij , Florid a 33004 Phone : 305-920-1355

Scient ifi c 0L~~ i ti . t .

The purpose o’ t Ot -  INDE X experiment is to explore the ocean ’ s
coriple . nterac t v rol e with the Indian s ummer monsoon . The main
sc i ent iti c oLjec t i~~t Is t o  understand the time-dependent response
of the :ndian cea n to t ’ ~t~ varia b le wind forcing due to the monsoons ,
and toe natu rt - ut t ’~~~ feedback which the ocean produces on the monsoon
reg ir~e i t  c i t  -

~L~ e c t i ves  ot 
- 

toe Pro  jcc t

I~DLX his t ’ r u  s~ec i fic objectives . They are :

1) To st ud y t e  onset of toe Sow al i  Current , part icu lar ly  the evo-
lut io r ,  ard •e rt i c u l  structure of ti’e di fferent inflow s and
out t lows .

2) To stu dy toe vertica l distribution of current thrc-u3 h the whole
~ater colunn along the equator , w i th pa rti cular emphasis on
its zonal and ter;rpora l variation in the upper thousand meters .

3.  To study the variation in t i r~e and space of the eddies off East,\frica , and the rel ations ri ip between the regions of upwe lling ,
toe eddies , and the ~nain bounda ry current.

Current Status

Prelininary field work has been carried out since 1973, wi th
especial ly intense obser .ations in 1975 and 1976. The data have been
anJ are being studied and conpared with theory , in orde r to design
a si gn ificant experi ment for the FGGE (1979) period. The 1979
experimenta l desi gn was begun at the FINE workshop in the summer of
1977 and refined at an INDE X reeting in January , 1978, and will be
finalized at a SCOP U647 Indian Ocean Pane l meeting in Paris in the
fall of 1978.

Major Acco i~p1 i shment s

A numbe r of i mportant results have come from the pilot studies
for INDEX. In May-June , 1976 , James Luyten and Jo~n Swallow ma deacoustic profiling sections to the bottom along 53 E. The prime
resul t from the measurements was that the vertical structure of the
horizonta l velocity in the vicinity of the equato r is characterize d
by sria ll vertical scales, of order 50-100 m . throughout the wa ter
co l umn . This structure is equatori ally trapped and has a time scale
of at least one month.
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The other major finding to da te , based on the observations of
Wa lter Duing, John Bruce , and Lloyd Regier , is that the time-dependent
structure of the Somali Current is more complicated than some simple
r,iodels would suggest. In particular , large-scale eddies , gene ra ted
trear the equator and drifting slowly up the coast , are intimately
re la ted to the major current , so that they probably should be viewe d
as part of the same system . Further unders tanding of these major
preliminary results is the principa l aim of the 1979 INDE X experiment.

A dd i ti ona l Informat i on
INDE X is a multi-institutiona l , mult i-national undertaking and

is part of a broader FGGE oceanographic program being coordinated by
SCOR WG47. Other countries besides the U.S. involved in INDE X or - -

expecting to work at sea in the Indian Ocean in 1979 include the
Un i ted Kingdom , Wes t Germany, the U.S.S.R ., France , and Australia.
Muc h of the local work has been accomplished through signi ficant
cooperative efforts with both Kenya and Somalia. Support comes
from NSF/GARP , NSF/lOGE , and NOAA , as well as ONR. Measurements a re
r~ade from ships of opportunity as well as research vessels (e.g.,
Exxon tanker , U .S. Navy vessels). The Naval Oceanographic Office has
helped coordinate work from U.S. Naval vessels.

For more details concerning IND EX see Section V pp 12 , 13, 27 , 57 ,
6.~, 67 , 73 , 79 , 82 , 102 , 126.
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JO INT AIR-SEA IN TERACTION PROJECT ( JAS IN)

Melbourne G. Briscoe
Woods Hole Oceanographic Institution

Woods Hole MA 02543
(u17) 548—1400, ext. 524

Backgroun d
JASIN is ~i United Kingdom-initiated program and a U.K. con-

tribut ion to the Global Atmospheric Research Project (GARP) . Pro-
posed by the Royal Meteorological  Society in 1966, there have been -

f i e ld  t r i a l s  in i-i70 , 1972 , an d 1977 , all  devoted to pre l iminary
exploration of scientific and engineering aspects of the intended
major joint experiment , which will occur in July-September 1978
northwest  of Scotland in an area bounded approximately by 57-60°N,
and 9- 14°W.

The U.K. Royal Society is the lead agency , Professor Char-
flock is the Scientific Director , and Dr. Ra ymond Pollard is the
Scientific Coordinator . Because of the number of different labor-
aton es and groups participating from the U.S., I am acting as U.S.
Coordinator for the project .

JASIN Objectives (quoted from a JASIN p lann inq document)

(1) To observe and distinguish between the physical pro-
cesses causing m i x i n g  in the atmospheric  and oceanic
boundary layers and relate them to mean properties of
the layers .

(2) To examine and quantify aspects of the momentum and
heat budgets in the atmospheric and oceanic boundary
layers and the fluxes across and between them .

Internationa l Partici pation

Table 1 gives the prospective participation; the U.S.S.R.
program is not definite . The number of groups given refers to
distinct scientific projects , not number of scientists . Approx-
imately half of the program is devoted to meteorological obser-
vations, and half to oceanography , with many of the projects
strongly overlapping between the disciplines.

U.S. Participation

The U.S. participants are from eleven different laboratories,
including academic institutuions , NOAA , and the U.S. Navy Post-
graduate School. There is also some Navy scientific participation
via satellite sensor validation and imaging .

Funding sources include ONR Code 480, the National Science
Foundation through both its ocean sciences and atmospheric
Sciences programs , NOAA , and NORDA Code 500. Also through the
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NSF , the NCAR Electra research aircraf t will participate, as will
the R. V. Endeavour; the R. V. Atlantis-Il is supported jointly
by ONR Code 480 and the NSF Division of Ocean Sciences.

Curren t Status  and Plans

Planning documents, including a complete set of Operations
Plans , have been prepared and dis tr ibuted , and sh ip and aircraf t
schedules are f i r m .

The field experiment will occur in three main phases from
mid-Ju ly  through mid-September 1978. There will meteorological
ships and buoys stationed at the corners of a 200 , ‘— on—a-side
triangle embedded in a larger area covered by ocear< .aphic moor-
ings. Roving hydrographic ships will continuously -urvey the
larger area , and six to eight oceanographic ships wil l main tain
work schedules in an intensive mooring zone in the middle of the
meteorological  t r iangle .

The site was chosen to maximize the chances for a sequence
of strong meteorological inputs to the upper ocean , and the ex-
periment is designed to observe both the inputs and the oceanic
response to them.

Data workshops are scheduled beginning in the Spring of 1979,
and a science workshop may be held in the Summer of 1980.

TABLE 1

PARTICIPAT ION IN JASIN 1978

CoUNTRY No. OF SHIPS ~O. OF AIRCRAFT No. OF PARTICIPATING No. OF
(sui~~ ri~vs) (AIRCRAFT HRS.) GROUPS I~ 0RIttGS

AUSTRAL IA 0 0 1 0

CANADA 0 0 2 0
DENMARK 0 0 1 0

F. R. GERMANY 3(129) 1(95) 13 12
IRELAND 0 0 1 0
NETHERLANDS 1(66) 0 2 ½
U. K. 7(371) 1(100) 13 13½
Li. S. A. 2(73) 1(105) i8 9
Ii. S. S. R. 1(60) 0 2 0

TOTALS 14(699 ) 3(300) 53 35
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For more details concerning JASIN see Section V pp 8, 15, 16, 17 ,
23 44 , 56 , 59 , 66 , 85 , 106 , 118.
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MIXE D LAYER EXPERIMENT (MILE )

Coordinator : Dr. Clayton A. Paulson
School of Oceanoqraphy
Oregon State University
Corva l l i s, OR 97331
Phone : (503) 754-2528

Long-Range Objective: The ultimate goal is to understand the
physical processes governing the structure of the upper oeO.w ~;o
that for given atmospheric conditions one may accurately 1-r t ’ -i~ ct
the future state of the upper ocean. Of particular interest is
the deepening of the well—mixed layer during the ~ 1s ~~~ ot  ~;t ~~~t

Ob~ectives:

To test and improve critical assumptions of mathematical mo-h-I ;
of the upper ocean.

To determine time and space scales of the variability of tem-
perature , velocity and salinity and the depende nce of th~~.t ’

~;ca1t’s on depth, atmospheric forcing and mean ocean structu~

To describe the mect~~nisms and magni tudes  of the transl -z ot
momentum , heat and mass.

To invest igate the role of internal  waves in d e t e r m i n i ng  oct ’~WI - ~
structure .

To improve our capability of making measurements in the ul pe t
ocean and to assess our methods by comparing diff er e nt technielue -~

; .

Current Status. A cooperative experiment was conducted between
mid—August and mid—September 1977 in the v i c i n i t y  of Ocean s t a t  ion
P (SON ,145W), about 600 miles west of Vancouver Island . Three - d i i p n
participated in the experiment , the Canadian Weathership CCOS ç~uADRA ,
the U SNS DE STEIGIJER and the NOAA vessel OSS OCEANOGRAPh ER. Thre e’
moorings were set for the measurement of currents , tempe~ attu c ’ - and
surface waves. Shipborne observations of temperature, condue t V t

and velocity were made with vertically profiling and tow~o i n : ;t r u -
ments. Observations of the large-scale temperature tiel d were
carried out by U.S. Navy and Canadian Forces aircraft which dr~ 1’pe’d
AXBT ’s in the experimental area . Wind speeds during tht’ exper iment
range d from calm to 45 knots. Although ONR was the lead a q e t c ~~
supporting the experiment, substantial contributions were’ made by
Environment Canada , the Canadian Coast Guard , Canad ian Fo~~ - t- , ; , N t cA A
through the Pacific Marine Environmental Laboratory, t h&’ Nava l
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MIXED LAYER E X P E R I M E N T  (M I L E )  Paulson

Oceanoqraphic Office through the Mili tary Sealift Command and the
Pacif ic Patrol Wi ng of the U. s; . Navy .

Accomplishments. During the most severe storm , wind speeds were
in excess of 35 knots for 36 hours, causing the mixed layer to
deepen from 20 to 40 meters. The observations during MILE are
the most detailed ever obtained of an event of this type . Analysis
of this event and the remaining observat ions is s t i l l  in proqress .
However , a partial listing of the most significant preliminary con-
clusions can be given :

There were large currents of inertial period (15.6 hi) through-
out the experimen t, with evidence of modulation by the wind .

There were large internal waves in the upper thermocline of
semidiurnal (12 hr) period throughout the experiment.

Mean currents were small.

The internal  wave vert ical  displacements at the base of the
mixed layer ranged up to 15 m.

The horizontal wave length of the largest in te rna l  waves
was approximately 5 km.

. Propeller type current meters appear to be less contaminated
by noise at high frequencies than Savonius rotors.

The intensity and frequency of occurrence of turbulent mixing -

during storms are much greater than during modera te or calm
winds , although there are occasional turbulent patches at all
times.

For more de tails concerning MILE see Sec t ion V pp 15, 19, 23 , 38,
43 , 45 , 64, 76, 80, 85.
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TITLE: NORPAX (The North Pacif ic Experiment)

REPRESENTATIVES : Professor Klaus Wyrtki
Chairman , NORPA X Executive Committee
Department of Oceanography
University of Hawaii
2525 Correa Road
Honolul u , Hawaii 96822
808/948-7037

Dr. David L. C u t c h i n
NORPA X Program Administrator
Sc ri pps Inst i tut ion of Oce ano g ra phy
University of California , San Diego
La Jolla , California 92093
7 1 4 / 4 5 2 — 3 2 2 6

NORPA X is a multi—institutional research effort
designed to investigate the dynamics of larg e— scale
temperature anomalies in the upper ocean and to
establish the connection between these anomalies and
changes in climate over North Am erica. It is expected
that NORPAX results will assist in the forecasting of
upper ocean thermal structure. Such forecasts might
further be used in the prediction of atmospheric
climate.

At the present time most of the NORPAX activities
can be sub d ivided into three general groups: the
Anomal y Dynam ics Study (ADS), t h e  Equatorial Dynamics
Stu dy (EDS), and the Atmospheric Climate Stis~iy (ACS).

Th e Anomal y Dynamics Study focuses on the several
processes thought to be responsible for the development
of large—scale , ne ar—surface , thermal anomalies.
Beginning with a working hypothesis tha t the most
important process is the anomalous convergence or
divergence of the Ekman surface drift , an extensive
field experiment was mounted in the central
mid —latitud e North Pacific to test this theory . The
field experiment consisted of long-term measurements of
surface current by satellite tracked drogues ,
measurements of the the rmal structure down to 500
meters and the calibration of existing U.S. Navy FNW C
wind stress fields. By chance , the first year of the
ADS field experiment happened to span the unusual ly
severe winter of 1 976—77 . Da ta taken during tha t time
indicates tha t we ak vertical mixing at depth , b e l o w  t he
trad itional mixed layer and down to 300 m e t e r s  o r  m o r e ,
may be a much mo re important mechanism for generating
anomalous the rmal structur e than Ekman divergence.
Howeve r, evidence exists tha t below 300 meters a chang e
in barocl inic s t r uctur e does se em to co rres pon d to the
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Ekm an pum p ing concept. One of the k e y  q u e s t i o n s  r a i s e d
f r o m  t h i s  e x p e r i m e n t a l  e f f o r t  is h o w  d o e s  w e a k  m i x i n g
take place at such relativel y great depths and how can
a well def ined surface mixed layer exist above it?

The ADS t reats oceanic phenomena which are so
large and so long lasting that clas~;ica1 ocean
o b s e r v a t i o n  t e c h n i q u e s b y t h e m s e l v e s  a r e  u n f e as i b l e .
Research vessels , for examp l e , cannot cover broad areas
for the years necessary to adequ ately characterize the
development of anomalies. Moat research vessels are
also unsuitable for crui sing the open ocean and doing
useful work during storm y seasons. The feasibilit y of’
collecting dat a for the ADS is based rathe r upon the
use  of new o c e a n o g r a p h i c t o o l s , new statist ical
t e c h n i q u e s  f o r  t r e a t i n g  d a t a  and  n e w  o p e r a t i o n a l
a r r a n g e m e n t s .  An e x c e l l e n t  e x a m p l e  of  t h i s  n e w
a p p r o a c h  is the TRANSPAC component of the ADS .
PRANSPAC uses commercial ships—of—opportunity to take
about 500 XBT observations per mon t h  along the trad e
routes from the U . S. to Japan. Half of these ships are
of Japanese registration. In addit ion to serving the
scient ific needs of ADS , T R A N S P A C  provides over 50% of
the synoptic XBT data radioed into the U.S. Navy FNWC
from the Pacific region. Soon to be implemented is a
TRANSPAC extension into the equatorial Pac ific between
20S — 2 0 N  (called EQUAPAC) involving F r e n c h
ships—of—opportunity in coordination with French
scientists from the Office de la Recherche Scient ifi que
e t  T e c h n i q u e  O u t r e — m e r  ( O R S T O M ) in  N e w  Caledonim .

T h e  N O R P A X  E q u a t o r i a l  Dy n a m i c s  S t u d y  ( E D S ) f o c u s e s
on t h e  b a n d e d  e a s t — w e s t  c u r r e n t  s y s t e m  t h a t  e x i s t s  in
the low—latitude Pacific. Immediate goals of the stud y
are to describe the space and time variability of the
currents and to design an experiment to invest igate
the ir dynamics. One of the earl y goals of the
e q u a t o r i a l  s t u d y was to assess the importance of
mesoscale edd y dynamics at low latitudes. Progress
toward this goal was made during the w inter of 1 977-78
when NORPAX scientists perfo rmed their first large
field experiment in the tropics. Eight long—range P—3
a i r c r a f t , p r o v i d e d  by the U.S. Navy Reserve , t h e  N a v a l
Oceanographic O f f i c e  a n d  N O A A , d r o p p e d  A X B T s  to  o b t a i n
frequent temperature sections between Hawaii and
Tahiti. In addition , two research vessels did
hyd r o g r a p h i c  m e a s u r e m e n t s , l a u n c h e d  u p p e r  a i r  b a l l o o n s
a n d  d e p l o y e d  a v a r i e t y  o f  m o o r e d  a n d  f l o a t i n g
Instruments. Preliminary results indicate tha t the
s t r o n g  N o r t h  E q u a t o r i a l  C o u n t e r c u r r e n t  is r e l a t iv e l y
stead y on a monthly time scale while the region closer
to the equator is contaminated by mesoscale edd ies. A
second and much larger NO RPAX field experiment in the
mid—equatorial Pacif ic is scheduled f o r  the FCGE (First
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GARP Glo bal Experiment) year , 1979. One ma jor question
to be addressed at tha t time is the relative importance
of locally forced phenomena versus disturbances which
are propagated into the region from the far field.

A t h i r d com p on en t  of N O R P A X , t h e  A t m o s p h e r i c
Climate Study (ACS), is designed to investigate
ocean/atmosphere interaction on climatic time scales.
Scientists wo rking in this area use larg e historical
data bases to develop atatisti cal/phenomeno logica l
models of the response of the atmospheric circulation
to sea surface temperature anomalies . Using these
t ec hniq ue s NORPA X sc ient is ts  were  able to fo re ca st t he
general patterns of surface temperatures in the
U.S. during the winters of 1976—77 and 1 977—78.

At t he pr e s e n t  t im e, NORPAX cons ists of abou t 35
Co— Principal Investigators working at 19 educational
institutions and government labora to ries. The main
sources of support are the Office of Naval Research and
t h e  N a t iona l Sc ien c e F o u n d a t ion ’s Office of the
International Decade of Ocean Exploration (IDOE). In
addition to these source s some indi v id ual NORPAX
investigators are subsidized by the Naval Ocean
Re search and Development Activity (NORDA), the
U.S. Nav y Fl eet Numerical Weather Central (FNWC), t h e
National Aeronautics and Space Administration (NASA )
and the National Oceanic and Atmospheric Administration
(NOAA ). For eign NORPAX participants from Germany,
France , England and Japan are supported mostly by their
own governments.

For more details concerning NORPAX see Section V pp 5, 22, 23,
31, 47 , 49, 57 , 69, 74 , 76, 119.
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POLX MODE

POLYMODE Executive Manager:
Robert H. Heinmiller
Room 54—1417
Massachusetts Institute of Technology
Cambridge , MA 02139
(617) 253—7828

POLYMODE is an international cooperative scientific investigation of
low— frequency, medium scale motions in the sea. Its ultimate purpose is to
establish the dynamics and statistics of mesoscale motions , their energy
sources, and role in the general circulation of the ocean.

By the early 1970s, eddies , oceanic mesoscale variabilities with
horizontal scales of the order of 100 ki lometers  and time scales of the
order of 60 days , had emerged as a dominant factor in the medium frequency
processes in the ocean. The basic long—range goal of eddy science is to
understand the dynamics of eddies and their role in the large scale
circulation in the oceans. As a major mechanism in the energetic processes
of the ocean , eddies may have strong influences in the areas of meteorology ,
d i s t r i b u t i o n  of chemical properties in the ocean , and marine biology.

POLYMODE bu i lds  on resul ts  from two previous large scale intensive eddy
experiments conducted in this decade . Limited POLYMODE experimentation began
in U75. The intensive f i e ld  work phase is from mid—1977 to mid—1978 , with
some addi t ional  work being carried out through 1979.

~~ efforts in POLYMODE are being carried out under a bilateral agreement
— w i t h  the USSR , and in conjunction with  related work being done by oceanographers

from Canada , the United Kingdom , France , and the Federal Republic of Germany .
The Canadian and European work is coordinated through SCOR Working Group 34.

The US work is funded by the National  Science Foundation (Of f i ce  of the
Internat ional  Decade of Ocean Explorat ion)  and the Of f i ce  of Naval Research.
The National  Oceanic and Atmospheric Administration of the Department of
Commerce administers the US/U SSR b i l a te ra l  agreement and provides support for
POLYMODE. Continual liaison is maintained with these agencies and with the
Office of the Oceanographer of the Navy .

The experimental program of POLYMODE is divided into two areas: statistical—
geographical exploration , and local dynamics. These areas are complementary ,
and are being carried out simultaneously and with some overlap in space .

The statistical—geographical work is aimed towards determination of the
geographic occurence and var iabi l i ty  of eddies in the North Atlantic Ocean.
Arrays of moorings have been set by the US on either side of the Mid—Atlantic
Ridge and in the North Equatorial Current , by the USSR on the Hatteras
Abyssal Plain , by Canada in the Gulf Stream Extension region , and by a
UK/France/FRG group in the northeastern basin of the Atlantic. Each of these
arrays has now been in place for a year or more.
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• The local dynamics work is designed to closely examine one or more eddies
for a shorter time in one location , and to provide a quantitative picture of
the physical processes involved and the dynamics of the eddy. An intensive
experiment will be deployed in May—July 1978 on the Hatteras Abyssal Plain in
conjunction with the USSR statistical/synoptic array already in place there.
The US mooring array and SOFAR float array associated with this experiment
wil l  remain in place for a year after the intensive experiment , thus contributing
to the statistical—geographical objectives.

Theoretical efforts in POLYMODE include modelling of eddy processes and the
comparison of modelling results with field observations. A number of
theoretical and modelling efforts are in progress both within the US and in
cooperation with the USSR .

POLYMODE is approaching the end of its major field work phase. It is
anticipated that analysis and interpretation of the results will take place
in 1978—1979, and, in a more general way, into the l9BOs.

The exchange and interpretation of data in POLYMODE wil l  take place on
several levels. All data will eventually be archived in the World Data Center.
Both forma l and informal arrangements exist between the US and the USSR for
da ta exchange, and some exchanges on both levels have already occured.
Arrangements with Canadian, French, FRG , and UK participants are less formalized ,
but already active. -

Data from the early POLYMODE field work has already modified our picture
of eddy occurence and processes in the ocean. Several distinct types of eddies
have been identified , perhaps characteristic of different regions of the ocean.

The USSR synoptic mooring array and US/USSR synoptic XBT surveys on the
Hatteras Abyssal Plain have provided a unique picture over a period of ten
months (to be over a year upon completion of the experiment) of the eddy
activity in this region. They show high eddy activity , interaction between
eddies, and confirm a generally westward movement of the individual eddies.

For more details concerning POLYMODE see Section V pp 23, 31, 32, 43, 64, 94,
97, 100, 108, 110, 126.

111—15

~~~~~~~~~~~~~~
- 

~~~~~~~
-- -

~~~~~~~~~
- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- - -



r~~
_ 

r—~- ‘ ‘ 
- 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
5-

~~~~~~~~~
5- 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 - ’  “— 5-- ---’-

a.  VAP~ A I - I I T T Y  I~ O~~~ - TPA -~~~~ i f l~
‘p I- ’~,t (;~ ‘rUE v(’~ A~

; J~~flp~ n~
_

t U t t -  t (
~eo1’hy~;i (-c and LLmt-t - i t - ,’ Physi~

c r i t I c ;  Inst I t u t  ~Of1 U t ‘.-anoyrithy
I vcrs I t V  of  Cal f ,  ‘i i , ~-:m Di eco

M i l l ‘cI~- A-;)Th , tt ni v c r ’ :;i tv of (‘al I~~oini~i , ¶~an i iI’yo
La Jolla , ~~ i.  .‘O

W~ 1 ter H. ~~~~ ( 7j ~ ) :—~ 877
- o r d o n  0. W i l l  ia nr; (7114 ) ~~2—2 ~~-~

Peter F. Woi’~ t - i ci’ ( 7 t~ ~ - 
2 _ L ~€ 8 8

b ’ n ~ x-d D. :‘ .~~ ler (714)

W- wi ll study, by ol cti vation and theory , the role of
oc’,’rin ro - c  cc ( internal w~iv~- —i riduced temperature fluctuations
dud c ur r t ’n  s , i rus I sic’; and assoc is ted fines t ructure , mesoscale
eddies , ... ) in determ ininc the vari ability of sound transmission
th r’oii1-’l th e s-e in ‘s in t. ’rior. The goals are ( 1)  to contribute
to our un h’rst and ni’ of the  f i i n Iat  ent  al limits on si gnal
- ) tu ’r encc  (c :  a~’c ~r d  t i m e ) in  the ocean environment , and ( I ) to
w o-I~ towardc the inverse problem of monitor Inc the oceans Lv
acoustic means.

C. The ch~ ectives of the program include :
(I) To study the transition from unsaturated to

s at u r a t e d  a c c u c t i c  forward scatte r i n g ,  ta k i ng advan tage of a
divers i tv of fre- u cn cv , range , and paths  un 1.-’r a simp le ocean
4 -~’cnetrv .

(ii ) To set- irate the acoust ic role played by different
ocean pr’o~-~ cs cc .

(i i) To m’i’;;;re d€ ’term inisti caliy features whose scales
ar - lari~ ’ i ;  om l - i rI l to he transniiss ion path.

(iv) i-~ecording of the 2.0 lIz source at a California
coastal ~ t i i t ion for use in larce scale monitoring (ocean

~ L’ t orno~ raphv )

d. E’aluation of data obtained in a recent field experiment
(April 1978) is now getting underway . Although there were
significant equi pment f a i lu res , we have some useful  acous t ic
measurements. In particular , some interesting records obtained
at a coastal station are encouraging with respect to a future
ocean acoustic tomography program .

Robert Spindel (WHOI) is collaborating in this study ;
in addi tion to his own 220 Hz sound transmission measurements ,
he is taking responsibility for position-keep ing (mon itoring
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tethered capsules) and for the deployment and retrieval of
moorings . Charles Cox (Sb ) and Eli Katz (WHOI) made supple-
mental environmental measurements on the WECOMA and Robert
Bernstein (Sb ) contributed satellite imagery and AXBT surveys.

e. During the two preceding years we have worked on the
reciprocal sound transmission between two vessels (Worcester,
in press). The experiments have demonstrated that the mean
sound velocity and the mean current component along the
acoustic path can be measured with great precision . Further ,
the statistics of pulse spreading and wandering was not
inconsistent with the statistics derived by Dashen for an
internal wave model (Flatte~et ai.,, In press).

For more information concerning Variability in Sound Transmissionsee Section V pp 6, 20-, 61.
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SECTION IV---—INDIVIDUAL PROJECTS BY INSTITUTION

Un iversi ty~ of California, Berkeley

Watson , K.M.: Transfer of Energy Among Modes Within the
Oceanic Internal Wave Field

University of British Columbia

Burling, R.W. and Pond , S.: Measurement and Parameterization of
Air—Sea Fluxes at High Wind Speeds; Adaptation of Bulk Para—
meter izations to allow Flux Computations from Climatological
and Synoptic Data

Miyake , M . :  The Upper Ocean Response Stu dy

Osborn , T.R.: Studies of Microstructure

University of Cambridg~

Gill , A . E . ,  Anderson , D.L.T., and lcillworth , P.D.: Ocean
Modelling Newsletter

The Catholic University of America

Ling, S.C. and Kao , T.W .: Study of the Mechanics of Momentum,
Water Droplets, Moisture, and Heat Transfer at the Sea—Air
Interface Under High Sea States

University of Delaware

Garvine, LW.: Theoretical Study of Oceanic Frontal Dynamics
and Thermodynamics

Mooers, C.N.K.: Primer on Oceanic Fronts

Fleet Numerical  Weather Central

Hughes, R .E . : Continuation of the NORPAX Ship of Oppor tunity

Program

Florida State University

O’Brien, J.J.: Research in Mesoscale Atmosphere and Ocean
Interaction Ocean Forecasting

Sturges, U.: Studies of Ocean Circulation
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Weatherly, C.L. and Blumsack , S.L.: Studies of the Oceanic
Bottom Boundary Layer

Harvard University

Robinson , A .R.: Dynamics of Oceanic Motions

University of Hawaii

Harvey, R.R.: Equatorial Circulation Study

Magaard , L . :  Analytical Modelling of the Large—Scale Tempera—
ture Fluctuations in the North Pacific

Institute of Oceanographic Sciences

Gould , W.J.: XBT Sections in the Northeast and South Atlantic

Lamont—Doherty Geological Observatory

Gordon , A.L.: Sea Level and Sea Surface Temperature Expressions
of Ocean Transients as Viewed from Satellite

Max—Planck Institut ft~r Meteorologie

Hasselmann , K.F.: Computations of the Nonlinear Energy Transfer
in a Gravity—Wave Spectrum

University of Miami

Bleck , R.: Numerical Modeling of Ocean Front Dynamics

Brown , O.B.: Satellite Remote Sensing of Large—Scale Oceanic
Transient Events

Duing, U.: Transient Processes in Ocean Currents —

Rooth , C.G.H.: Frontal Dynamics on Seasonal Time Scales
(Previous Dynamics of Seasonal Variability)

Schott , F.: Analysis of Mid—Ocean Circulation

Schott , F.: Currents at Ocean Boundaries

Massachusetts Institute of Technology

Mollo—Christensen , E.: Oceanographic Uses of Satellite Infortna—
tion
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Stomme l , H.M. and Regier , L.: Mapping the Horizontal Structure
of Near—Surface Currents During the POLYMODE Local Dynamics
Experiment

Wunsch, D. and Eriksen, C.C.: Internal Waves, Equatorial
Dynamics and Acoustic Tomography

P a c i f i c  Marine Environmental Laboratory

Halpern , D.: Mesoscale Ocean—Atmosphere Response Studies During
the 1978 Joint Air—Sea Interaction (JASIN) Experiment

Halpe rn, D.: Variability of Wind—Generated Upper Ocean Currents
During the Mixed Layer Experiment (MILE)

Hayes, S.P.: Response of the Upper Ocean Hydrography to Winds

Naval Ocean Research and Development Activity

Holyer , R.J.: Ocean Water Color Satellite Utilization
Experiment

• La Violette , P.E.: Definition of Ocean Surface Current Boun—
daries Using Synthetic Aperture Radar over the Tail of the
Grand Bank

Naval Postgraduate School

E l sb e t ry ,  R.L. and Garwood , L W . ,  Jr.: Oceanic Thermal
Response to Atmospheric Forcing

• Haney , R.L.: Numerical Studies of the Dynamics of Large Scale
Ocean Anomalies

Jung, G.H.: Low Wavenumber Ocean Energy Transport

University of North Carolina/North Carolina State University

Bane, J.M ., Jr. and Brooks, D.A.: Observations of Topographic
Rossby Waves and Gulf Stream Meanders Along the Continental
Slope

Nova University

Brooks, I.: Studies of Flow Through the Passages of the Lesser
Anti l les

McCreary , J.P. and Moore, D.W.: Studies of Equatorial Dynamics
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Moore , D.W. : Studies of Equatoria l Dynamli-s

Spilhine , M.: Time—Dependent Stratified Flow Over Slop ing
Hot t on Topography

Ore~~~n S t a t e  U n i v t ’r s l t v

Burt , W . V . : Mi xe d  Lay er  and Seasona l The r m o c l in e  S tud ies ,
Partic (pat ton I n  J A S I N — 7 7  and Pr t ~pa r a t  ion for Part Ic ipatlon
in .JASIN—78

C a i d w e l l , i ) .R .  : Mixed—Laye r  M i c r o s t r u c t u r e

de Szovke , R.A .: Dynamics ol the Ocean Surface Mixed Layer

N l i I e r , P .P .  : Hydrodynamics of the  Ocean S u r f a c e  Layers

Paulson , C.A . : Air—S ea In t e r a c t i o n

Rosshy, 1. and Dors on , D.: SOFAR Float Program

W imbush , M . The Relation o f Sediment Movement to the Henthic
Current Flow in the F l o r i d a  S t r a i t s

Lamhcrt , R.R.,  J r . :  Ocean Mixing Processes

Scrj~ps ln sU t u t ton of O cano~ r~ pl~~

Barn e tt , 1.1’.: Therma l Structur e Monitoring and Modeling in
the  N or t h  Pac I f i t - Ocean

R t ’r n s t e l n , R . L . :  M e r g i n g  S a t e l l i t e  and Conven t iona l  Oceano-
graph i c  D at a  to  Explore North Pacific Mesoscale Circulation s

Cox , C .S .  : Sina i I Sc a l e  Ocean ic  Processes

C u t c h f n , D . L .  : NORPAX Pro gr am A d m i n i s t r a t i o n

Davis , K . K .  : U pper Ocean Dynamics

Gibs on , C. H.  : Measurements of  V ol  oc I ty  , Temper atur e  and Con-
duc t  i v it y  F l u c t u a  Ions D~ir l ug  t h e  Mixed Liver  E x p er i m en t
(M IL E )  b y a Towed Ocean Pro f 11 Ing  Sy s tem — Data An a l  vs is
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Knox , LA.: Observations and Analyses of Indian Ocean
Equatorial Currents

Lange, R.E.: Small Scale Oceanic Features

McNally, G.J.: Satellite—Tracked Drifting Buoys

Pinkel, R.: Dynamics of the Upper Ocean Internal Wave Field

Reid , J.L.: World Ocean Circulation : South Argentine Basin ,
Weddel Sea and Atlantic Indian Basin

Stewart, R.H.: Radio Measurements of the Sea Surface

White , W .B .  and Bernstein , R .L . :  Study of the Dynamics of
Large—Scale Therma l Variability in the Upper Waters of the
Mid—Latitude North Pacific

The Sippican Corporation

Tirrell , B., Reed, E., Calianno, C., and Dugan, J.: Feasibility
Study for Improving the AN/SSQ—36, The Navy’s Airborne Expen—
dable Bathythermograph (AXBT)

University of Southern California

Browand , F.K.: Turbulent Decay: Laminar—Turbulent Interfaces

Maxwor thy, T.: Turbulent Decay: Dynamics of Rotating and Non
Rotating Intrusions and Internal Solitary Waves

Stanford University

Peterson, A.M. and Vesecky, J.F.: Ocean Wave Measurement by
Analysis of Radar Images of the Ocean

Howard, H.T.: Radio Measurements of the Sea Surface

Texas A & N University

Elliott , B.A. and Merrell, W.J., Jr.: Regional Studies in
Physical Oceanography

Emery, W.J.: Dynamic Topography from Temperature Maps: A
Monitor of Ocean Circulation Changes

Emery, W.J. and Dugan, J.P.: XBT Swath Analysis, A Study of
Spatial Variability
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Ichiye , T.: Entrainment Processes at Ocean Fronts

Reid , R.O.: Numerical Modelling

Spence , T . W .  : The Dynamics  of Cyclonic Gulf Stream Rings

Vastano , A . C . :  Kuroshio Track ing  Exper iment

Vastano , A .C .: Cy c l on i c  Ring Experi men t

University of Washington

Businger , J.A . and Katsaros , K.B.: Air—Sea Interaction Processes

Desaubies , Y.J.F,: investigation of internal Wave Dissipation
and Small Scale Temperature Structure in the Ocean

Gregg , M.C.: Small Scale Mixing Processes

Roden , C . l . :  Oceanic Fron t s  of the Central  P a c i f i c  Ocean

Woods Hole Oceanographic in s t i t u tion

Arm i , L.: Benthic Boundary Layer Experiment

Briscoe , M.G.: In ter nal Waves

- F Bruce , J.C. and Warren , B.A .: Temperature Measurements with
XBT’s in the Northwestern Indian Ocean

Fofonoff , N.P.: Potential Density, Energy and Vorticity
Computations

Fofonoff , N.P., Schinitz , W .J., Jr., and Luyten , J.R.: Moored
Array  Program

Hogg, N.G.: Island Trapped Waves

Joyce , T.M.: Internal Wave and Mediterranean Water Front
Studies

Ka tz , E.J.: Current Shear Across an Oceanic Front

Luyten , J.R.: Equatorial Jets in the Indian Ocean (INDEX)

McCartn ey , M.S.: The rmostadal  Ana lysi s  of the Upper Water
Masses and C i rcu l a t i o n  of the W o r l d ’ s Oceans
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Rhines, P.8.: Western—Boundary Undercurrent

Richardson, P.L.: Cyclonic Gulf Stream Rings

Sanford , T.B.: Oceanic Variability and Dynamics

Schinitz, W.J., Jr.: Low—Frequency Large—Scale Ocean Circulation

Schmitz, W.J., Jr. and Hogg, N.G.: Currents in the Charlie—
Gibbs Fracture Zone (CGFZ)

Voorhis, A.D.: Oceanic Fronts

Warren, B.A.: Large—Scale Circulation

Webb , D.C. and Gould , W.J.: Development of a Towed, Two Com-
ponent Surface Current Sensor

Williams, A.J., 3rd: Salt Fingers and Microstructure

Williams, A.J., 3rd: Velocity Structure of Boundary Layer Flows

Worthington, V.: Water Mass Formation and Gulf Stream Variations
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SECTION V---INDIVIDUAL PROJECT SU!N&RIES

Su~ naries of individual research projects are given on the

following pages, alphabetical according to the name of the senior

principal investigator.
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Ben thic Boundary Layer Exper iment
Laurence Armi

Woods Hol e Oceanographic Ins titution

Woods Hole MA 02543

(6 17) 548—1400 Ext .  535

Long-rang objectives.  A descr ipt ion and maybe some understand ing
of deep ocean turbulence and mixing processes; the identification
of the dominant mechanisms responsible for the distribution and
mixing of deep water types. Primary focus has been on the bottom
boundary layer as a source of turbulence capable of cross— iso—
pycnal mixing . When coupled wi th  horizontal  along-isopycnal ad-
vective and dif fus ion processes, the products of bottom boundary
layer mixing are exchanged with the interior and may be the
dominant source of deep ocean microstructure and the primary large
scale mechanism responsible for vertical mixing in the deep ocean .

Project objectives. A detailed description and understanding of
bottom mixed layer structures and dynamics with attention to
mesoscale arid internal  wave var iab i l i ty .

Status of project and accomplishments. The field exploration of
the benthic boundary layer on the Hatteras Abyssal Plain was
successfully completed in late August 1977. A temporal descrip-
tion was provided by an array of current meter s and temperature
sensors spanning the bottom mixed layer. A spatial description
was obtained using a towed yo-yo-ing CTD nephelometer profiler in
conjunct ion with real time acoustic navigation .

Analys i s  of this data has shown the occurrence of intrusive
layers (Armi , 1978) and large scale patchiness with a scale of
“- 7-10 kins. Similar advected temporal variability as well as su-
perposed internal wave fluctuations can be seen in the moored
array records (Armi , 1978. Mixing in the deep ocean —

the impor tance of boundar ies , Oceanus, 21 (1), 14-19).

A descript ion of along isopycnal horizontal advection and!
or d i f f u s i o n  of anomalies in  potential  temperature , sa l in i ty  and
par t icula te  mat ter  for Denmark Straits Norwegian Sea Overf low
Water is included in Ar-m i (1978) with an estimate of vert ical
mixing due to boundary generated turbulence .
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1. a. Observations of Topographic Rossby Waves and Gulf Stream
Meanders along the Continental Slope .

John N. Bane , Jr.
Curriculum in Marine Sciences
University of North Carolina
Chapel Hill , NC 27514
(919 )—933—1253

and
David A. Brooks
Department of Geosciences
North Carolina State University
Raleigh , NC 27607
‘.919)—737—2210

b. Long—range scientific objectives of the co—principal
investigators.
John H. Bane Jr.: To increase our knowledge of long wave
dynamics in the ocean , with particular emphasis on gener-
ation , energy transfer and propagation , dissipation , and
interaction of long waves with the Gulf Stream .
David A. Brooks: To understand the important mechanisms
driving Florida Current and dulf Stream fluctuations in
the South Atlantic Bight.

c. Current,temperature and conductivity data will be collected
during two four—month long mooing periods to examine the
detailed structure and time history of current and density
fluctuations along the continental slope off North Carolina .
Vertical and cross—slope structure and alongshore propa--

• gational properties of the fluctuations will be determined .
Correlation of the current and density data with wind data ,
and comparisiort of directly measured currents with satellite
imagery of sea—surface temperature patterns will be done to
investigate the possibilities of wind or lee—wave forcing .
Field data will be compared with theory to assess the im-
portance of stable topographic Rossby wave TRW) propagatigation
and instability processes in the Stream.

d. Current project status: Numerical studies of stable TRW
propagation in a western boundary current are nearing
completion . Major equipment for the field study ~current
meters , therinographs , acoustic releases) has been ordered ,
and the first cruise has been scheduled on the R/ V ENDEAVOR .

e. Major accomplishments: Brooks ’ model of stable barotropic
TRW ’s propagating in a western boundary current has been
adapted for the Carolina continental slope/shelf region .
Bane has developed a two—layer model of stable baroclinic
TRW ’s propagating in a baroclinic western boundary current ,
and work on a continuosly stratified baroclinic TRW model
is underway .
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Experiment area showing mooring locations (triang les) and ship/air-

craft tracks for hydrographic measurements. (Circles are locations

of current meter moorings that are part of a North Carolina State

University shelf circulation study.)
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THERMA L STRUCTURE MONITORING AND MODELING IN THE NORTH PACIFIC
OCEAN -

Tim P . Barnett , Scripps Institution of Oceanography , La Jolla ,
California 92093, 7l4~452-3224

Long Range Objectives: Describe and explain the large-scale
space/time variabi lity in the near surface temperature field of
the central Pacific Ocean . If possible , develop a s ta t i s t i cal
dynami cal model for prediction of the observed therma l structure
varia bility . These objectives relate to the Navy requirements
for long range environmental predictions that affect all aspects
of Naval operations and the statistical description and predic-
tion of the major source of variability in the near surface
sound velocity field.

Program Objectives: The program objectives are: (1) Describe
quantitativel y the large-scale seasonal temperature fluctuations
that occur in the upper 300 meters of the central Pacific Ocean .
(2) Attempt to explain , or at least put order of magnitude
limi ts on the physical processes that are causing the fluctua-
tions. (3) Develop stochastic model to predict the near surface ,
large-scale temperature fluctuations.

Current Status: (1) The AXBT fl ights ended in April 1977. A
two and one-half year record of almost monthl y sections was
obta ined . These data include sections through the extremely
anomalous oceanfatmosphere events of 1976-77. (2) In spring
1977 , it was discovered that the Magnavox AXBTs had a serious
time constant problem. The problem was so severe that the data
from these instruments would be virtually useless wi thout correction.
An oceanographic cruise and series of laboratory experiments were
carried out to compute the necessary response function of the AXBTs
so that the data mentioned above could be corrected . Wi th
correction , the AXBTs are good to an accuracy of approximately
±0.3°C. (3) The response function has been used to correct all
of the BT traces obtained during the course of the experiment.
(4) The space and time scales of the observed temperature variability
have been computed and are being prepared for publication. (5)
Estimates of air-sea heat exchange , Ekman pum ping , and meridional
advection are being computed for the 30 month duration of the
experiment.

Major Accomplishments - 1976-77: (1) Discover and define the
thermal lag problem associated with Magnavox AXBTs . (2) Develop
a transfer function to correct the problem. (3) Correct the entire
AXBT data set obtained during this program. (4) Compute the space
and time scales of the temperature anomaly field observed during
the 30 months of the experiment.
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Title : Merging satellite and conventional oceanographic
da t a  to explore  Nor th  P a c i f i c  mesoscale c i r c u l a t i o n s

In v e s t i g a t o r :  Robert  L . Be rns te in  NR 083—005
Scr ipps  I n s t i t u t i o n  of Oceanograp h y ,  A—030
La J ol l a , C a l i f o r n i a  92093
7 14 — 4 5 2 — 4 2 3 3

Long range s c i e n t i f i c  o b j e c t i v e s :  appl ica ti on of sa te l l i te remote
sensing information to improve d e s c r i p t i o n  and u n d e r s t a n d i n g  of
ocean circulation.

Projec t  ob iec t i ve s :  i n t eg ra t e  ava i l ab le  s a t e l l i t e  i n f r a r e d  scanner
data w i t h  shi p hyd rocast , a i r c r a f t  AXBT , cur rent meter  mooring and
surface drifter data to define mesoscale eddy features occurring
along the  west coast of the U . S .  Emphasis is on determining the —

processes that  i n i t i a l l y  generate  eddies , and then fol low them as
they p ropagate away f ro m the genera t ing  areas.

Cu rrent  project  s ta tus : the p r inc ipa l  invest i gator  is p resent ly
being assisted by an experienced s a t e l l i t e  meteorologist , Robe rt
Wh r l t ner , and a graduate student , Mike Van Woert , in assembli ng the
above mentioned data sets. So f a r  these include: (1) monthly
hydrographic surveys of the C a l i f o r n i a  Current system , cove r ing
Decembe r 1977 to November 1978; ( i i )  three  air XBT surveys at ten
da y intervals  in March/Apri l  1978 o f f  Southern Ca l i fo rn ia .  The
surveys , which are performed by Navy P—3C aircraft under PATWINCSPAC
Moffett Field , are also in support of an extensive acoustic
experiment headed up by Walter Hunk. (iii) DMSP and NOAA infrared
scanner da ta .  The DMSP data is acquired through close cooperation
with the Navy Weather Service WAS North Island , in San Diego .

Initial examination of all three data sets shows excellent
consistency with strong mesoscale circulation features present.
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Numerical Modeling of Ocean Front Dynamics

Principal Investigator: Dr. Rainer Bleck
Rosenstiel School of Marine and Atmospheric Science
Division of Meteorology and Physical Oceanography

4600 Rickenbacker Causeway
Miami, Florida 33149

Telephone: (305) 350—7566

Long—Range Scientific Objectives

Numerical simulation of the life cycle of baroclinic disturbances

(meanders, eddies) embedded in oceanic western boundary currents,

with special emphasis on frontogenetical processes. Application

of Numerical Weather Prediction technology to the deterministic

prediction of oceanic circulation events.

Objective of the Project

Development of a multi—level ocean model using density as vertical

coordinate. Application of this model to studies of the seasonal

variability of the Somali Currents especially the upwelling

associated with the establishment of the Somali Current front.

The principal advantages of an “isopycnic” ocean model are: (a)

its ability to improve grid resolution in regions where fronotogenesis

takes place; and (b) the elimination of cross—isopynnal mixing found

in cartesian coordinate models.

Current Status

The numerical technique has been tested in a coastal upwelling

experiment in which an idealized square ocean basin with flat bottom

and vertical sideval].s is subjected to an anticyclonic wind stress.

The model is presently being adapted to run on an in—house,
ONR—sponsored PDP11 computer. Basin configurations (including -

bottom topography) representing the Arabian Sea will be introduced

next.
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Interna l Waves

Melbourne G. Briscoe

Woods Hole Oceanographic I n s t i t u t i o n

Woods Hole , r-~assachusetts 02543

(617) 54~ —l4OO , ext. 524

Long—Range Objectives
Understanding of the ro le  played by i n t e rna l  g r av i t y  waves

in the transfers of energy , momentum, heat and mass vertically and
horizontally in the ocean. Determination of the sources and sinks
of internal wave energy , and the relation of internal waves to
larger-scale (especially fronts and eddies) and smaller-scale
(especially finestructure) ocean processes.

Project Objectives
Present work is devoted to an exploration of the energy

balance of internal waves in the upper ocean via field work dur ing
the international Joint Air—Sea Interaction project (JASIN). The
exper imen t will , in cooperation with other U. S. and foreign in-
vestigators, monitor the fluctuations of atmospheric and upper-
ocean genera ting mechan isms for internal waves , the changing
spectra of the internal waves themselves , and the finestructure
field associated with energy losses from internal waves . Together
with theoretical and numerical analyses, we expect to obtain a de-
scription of upper-ocean internal-wave space-time variability as
well as the main objective of assessing the energy balances .

Status of Project and Accomplishments
JASIN will occur during July—September 1978. The planning is

complete and engineering preparations are in progress. Part of my
effort has been to coordinate the U.S. prograrn for JASIN; this has
gone well, partly because several of the U.S. participants will
operate from the R. V. Atlantis-Il in cooperation with this in-
vest igator.

One wrap—up accomplishment was the issuance of W . H . O . I .  Tech-
nical Report No. 78-10, a final report on the Internal Wave Experi-
ment (IWEX) ; it contains a bibliography of all articles pertain-
ing to IWEX during 1973—1977 , and a copy of the inverse analysis
report produced in Germany by Willebrand , Olbers, and M~iul er. A
journal article based on that report appeared in Journal of Geo-
physical Research in January , 1978. The IWEX project was unique
in that international collaboration existed at both the planning
and analysis stages without the necessity for specious joint
authorship of each document.

V-8

- 
-~~~~—. — ~~~~~-- ~~~— — _ _ _ _ _ _ _



- 5 - - - - -. - - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r

STUDIES OF FLOW THROUGH THE PASSAGES OF THE LESSER ANTILLES

Principa l Investigator : Irving Brooks
Nova Univers ity
Ocean Sc iences Center
8000 North Ocean Drive
Dan i a , Fl. 33004 -

(305) 587-6660 ext. 290

The long range scientific objective of the principa l investi-

gator is to understand the evolution of the Florida current. Work

towards this goal include dropsonde experiments across the Florida

Current at Key West and Miami , a mini-buoy experiment in the Carib-

bean Sea and this dropsonde experiment in the passages of the Lesser

Antilles .

The objective of this project is to measure the inf low to the

Cari bbean Sea. It is believed that the majority (80%) of the Carib-

bean waters enters through three passages in the Lesser Ant illes .

This experiment attempts to test this belief while also determining

the characteristics of the incoming water.

The field work in the St. Lucia Passage was successfully corn—

pleted in the sumer of 1977. Analysis of this data is progressing

presently.

The average transport through the St. Lucia Passage was si gnif-

icantly lower than previously believed .
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TURBULENT DECAY - Sub t i t led - Lai i n a r - T u r b u l r t  In terf ac es - F .  K.

B rowand , Univers i ty  of Southern Cal ifornia , Department of Aerosp ace
Engineering , Los Angeles , Califor nia 90007, (213) 741—2035 .

b) To contr ibute to a fundanental understanding of turbulent

flows, and to apply this understand ing to oceanic mixi n g processes.

c) To identif y the most i mporta nt features of turbu lent nixing in
the ocean (at smaller scales) by means of deta i led laboratory studies.

d) We have previous ly made a detail ed series of measurements of
turbulence produced by shear at the boundary between two layers of dif fe -e~ t
density. A paper on this subject has been submitted for publication . The
work will continue in a larger facility completed recentl y with the foli3w -
ing objectives: i) to observe mixing at more realistic Reynolds numbers ;
ii) to study the wave field produced by the mixi n g event.

We are also stud y ing the structure of the homogeneous , tu rbu1 e~ t
mixing layer. Our goals in the intermediate future are: i) to use
acoustic forcing to stud y the interactions of the large scale features ; ii)
to determine the spanw i se (cross flow ) extent of these large scale features.

e) The turbulence produced by shear at the boundary between t’.-io
layers of different density consists of several reasonabl y distinct phases
(figure 1): 1) the activel y turbu lent g rowth region , characterized by
large vortica~ structures or “billows ”; ii) the collapse reg i on , where  t- -ave 

- 
-

product ion occurs; ii i )  the turbulent decay reg ion , which leaves “fossil’
density structure and waves. Almos t all the molecular mixing occurs in
(ii) and ( s ; s ) .

v-lO

• 

. 

.

~~~~~~~~~~~~

-

- - — - 5-5-~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• 

- ~~~~~4
- -

. . 

- ,
- 

j, - - 

• “ 

- 

-

~~~~~~~~~~~~~ 
T _ _

- -
. - . -

-:~~~
‘ ;. 1%~

•
~’~;. : 

•
- _ _ _ _

____  
~~

____ ~: \ ~~~~*~~~~‘;

_ _

_ _ _ _ _ _ _ _ _ _  
_ _

Fig. 1. The m ixing event in a s t r a t i f i ed  f l u id  w i t h  shear.
Photographs correspond to the three regions de picted
above : i) act ive ly  turbulent; i i ) col lapse; i i i )
turbu lent decay , leaving “foss i l”  density s t ructu re.
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SATELLITE REMOTE CENCING 01” LARGE—OCALE OCEANIC TRANC1 EN T EVENTS

Dr. flt i s R . Brown
Divi SlOfl of Meteo ro lL )~ y and Phys i ~at - t ’ano~~raphy
Univ ersity of Miani i/l~SMA~
14b00 Rickenbacker Causeway
Mi~uni , Flor ida  3311e 9
Telephone : (~~05) 350~ 714Ol

LONG-RANGE ~CIENT1F1 C OBJECTIVES

Develop q u a n t i t a t i v e  methods for the interpretation of’ satellite—sensed st -a
surface tempe ratures and w i n d  speed. In particular , apply these  types ol.

synopt ica l ly sensed data to the problems of western boundary c u r r e n t  sr i n u p .
equatorial current meander ing , and large—scale mixed layer heat budgets .

PROJ E~T OBJ ECTIVES

Develop s i m p l e  a lgori thm s suitable for mini—computer use which will ex t r a l -t ,
cal ibrate and map raw satellite data and insert it into an accessible data
base.

Study the large—scale thermal response of the equatorial Atlantic Ocean during
GATE , with  the spec i f i c  object i ves o f ident i fy ing the spatial and temporal
scales of the wavelike motions of the South Equatorial Current .

Study the large—scale thermal response of the Western Indian Ocean to the
Southwest Monsoon . Specifically , determine the role of large—scale vs .
local wind forc ing  on the ini tial spinup .

Study the genesis of the surface thermal signature of the”Great Whirl ” , the
large—scale an tic lon ic  eddy southeast  of Socotra , dur ing  Somali Current s p i n  up.
Ident ify pr incipal  mechanisms responsible for large—scale cooling in the  i n t e r ior
of the Western Ind ian  Ocean . I n v e s ti ga t e  the causes of ’ the variability of’
the Somal i Current  separation la titude .

CURRENT STATUS

Satellite data processing is presently carried out in several stages :

1. Scanning Radiometer (SB) data from Indian Ocean is being routinely processed
and analysis is underway .

~~~. Polar orbital  navigation model (based on orbital emphemeris) in f i na l  te st ing .
3. Both USAF/DMSP and NOM/V}IRR infrared data from the E:tsl. African roast nrc

being a rch ived  on m a g net i c  tape.
14 • VERB rubber mapping, a lgo r i t hm near  c o m p le t i on .

MAJOR ACCO~~~LIGRMENT S

1. GATE result: observat i on of long wave meander of the South !‘q u a t - o r i a l  Cur ren t .
2. GATE r esu lt :  iden t i  t ’ ication of t i m e  an d spac e meanders of zonally napp ed

propagat ing  waves In s’~tt ’1 l ite  der ived OAT .
3. m d i  an Ocean : i dent i fi cation of’ bimodal t r u e  t ure of the Ooma i i Current .
14 . Indian  Ocean : mons ‘on induced large scale  coo l I ng o t Western I ndi an Ocean
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TEMPERATURE MEASURE MENTS WITH XBTs IN THE NORTHWESTERN INDIAN
OCEAN
Princ ipal Inve stigators: John G. Bruce and Bruce A. Warren

Woods Hole Oceanographic Institution
Woods Hole, MA 02543
(617) 548—1400

Our long-range scientific objectives are to understand the
response of the western Indian Ocean to the monsoon winds , particu-
larly that of the dominant southwest monsoon . We hope to determine
the rate of build-up of the circulation , the variation during a
season and also from year to year , whether certain preferred modes
exist in the current patterns (i.e., does the large eddy occurring
off  the Somali coast during the southwest monsoon and its associated
eddies become arranged in recognizable or predictable ways from one
year to the next), the decline of the flow upon cessation of the
monsoon winds , the changes in the heat content in the mixed layer ,
the variations in the region of upwelling off the Somali and Arabian
coasts , and the changes occurring in near-equatorial dynamic topog-
raphy as a result of the Somali circulation . Because of the large
changes that occur in the strong horizon tal gradients in the mixed
layer (see f i gure 1) knowledge of this region might be of particular
importance to the Navy , especially from an acoustic standpoint.

The objective of the project at present is to obtain a time
series of temperature sections from XBT5 set from tankers along the
sea lane off the Somali and Arabian coasts. The sections pass for-

— tutiously through the reg ion of the large eddies which develop in the
Somali Basin during the southwest monsoon and allow excellent moni-
toring of the development and decay of the eddies.

At present we have been able to follow the monsoon eddy circula-
tion for two complete southwest monsoons and plan to continue the
program through the 1979 period of intensive oceanographic study in
the Somali current domain.

Our major accomplishments to date have been to show that for each
southwest monsoon in 1975, 1976, and 1977 the general eddy configura-
tion once formed at the commencement of the southwest monsoon appears
to remain over the duration of the monsoon. We have found in all of
our past measurements that one of two basic configurations tends to
occur . Also we were able to monitor the 1975 eddy throughout the
succeeding northeast monsoon and see evidence that it may have con-
tinued into or influenced the early stages of the next year ’s south-
west monsoon. It is not clear hob’ever that the 1976 eddy was able to
last into 1977. We have also found the equatorial near—surface water
to have been •~oo1ed considerably by the 1976 eddy circulation , thus
possibly modifying the equatorial currents in this region.
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MEASUREMENT AND PARAMETER IZAT ION OF AIR—SEA FLUXES AT HIGH WIND
SPEEDS ; ADAPTAT ION OF BULK PARAMETER IZAT IONS TO ALLOW FLUX
COMPUTAT I ONS FROM CL I MATOLOG I CAL AND SYNOPTIC DATA

R.W. Bur l ing — Institute of Oceanography, Un i versity of British
S. Pond Co l umbia , Va ncouver , B.C., Canada , VÔT 1W5 ,

Tel . 604—228-6571 and 228—2205

The long—range objective is to understand the nature , mecha-
nisms and consequences of air—sea processes. Know l edge of the
transfers is of importance to meteoro l og i ca l and oceanolog i ca l fore-
casting . Momentum transfer is i mportant for waves and currents and
the mixin g of the upper l ayer. The tota l energy flux determ i nes
the format i on and breakdown of the seasonal ther-moc line . The fore—

- 
‘ casting of these phenomena is important in many pract i ca l ways , e.g.

nav i gation , operat i ons , submar in e detect i on , ship mot i ons, etc.
Oceanic and atmospheric turbulence are important in diffusion of
mater ials , wake detection and radio transmission scatter.

The objectives are : (1) -to measure and parameterize fluxes of
moment um , sensible heat and l atent heat (moistu re) up to high enoug h
wind speeds to a l l o w  good ca l c u lat i ons of t hese f l u x e s  over the
ocean; (2) to see if a wider range of data may be used by comparing
fluxes calculated from data reduced to climato l ogical form (wind
roses and averages of air—sea temperature and humidity differences )
and synoptic form (surface pressure maps and air—sea temperature and
humidit y differences averaged over var i ous periods ) with fluxes
calculated using bulk aerodynamic formu l ae.

Many data allow i ng momentum and sensible heat flux estimates
by both Reynolds flux and dissipation methods in winds up to 20 ms~~
have been col lec ted on the Bed for d Ins t i t ute Sta b le  P la t f o rm l ocated
about 10 miles off Halifax , Nova Scotia. In the 15—20 ms 1 range
of wind speed , 45 Reynol ds f lux  and 85 d i ss i pat i on est im ates of C0
und er unl imi ted fetch condi t i ons may be made; there are ma ny more
unlimited fetch data at l ower speeds and many limited fetch data.
Pre liminary ana l ysis shows that the drag coefficient increases some-
what with wind speed and is basically in agreement with the Smith and
Banke formula (1O 3CD= 0.63 + 0.066 U10, U 10 i n ms 1 ). The Reynolds
flux and diss i pat i on methods both give the same results on average .
When analysis is comp l eted the d rag coefficient should be establis hed
we l l enough to a l l o w good c a l c u l a t i ons of the w i n d st ress over most
of t he ocean a l most a l l  of t he t ime . Data a l l o w in g di ss i pation esti—

- mates of momentum and sensible heat fluxes are now being collected on
the CCGS Quad ra , one of the ocean weathe r stat i on PAPA sh i ps , w i th
some meas uremen ts i n w i nds of about 25 ms~~ already obtained .

Fol l ow i ng the i nvest i gat i on of the use of c l i mato log i ca l and
synopt i c type data to calc u l ate f luxes reported i n F i sse l , Pond and
M iyake (1977) for wh i ch station P data were used , further work using
data f rom 10 At l antic weather sh i ps and station N in the Pacific is
in progress to see how the results based on the P data may be
generalized .
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Title: Mixed Layer and Seasonal Thermocline Studies , Particip ation
in JASIN-77 and preparation for participation in JASIN- 78 .

Wayne V.  Burt
School of Oceanography
Oregon State Unive rsi ty
Corva llis , Oregon 97331
(503) 754-2542

Long Range Objectives : Use an array of anchored buoys to add to
our knowledge of the time and space variability of surface meteoro-
logical and oceanographic parameters over periods of minutes to
weeks and a few kilometers to a few tens of kilometers with parti-
cular emphasis on the effects of near surface organized convection
in the atmosphere .

FY77: OSU pa rticipated in the Bri t ish JASIN-77 air-sea interaction
experiment northwest of Ireland during September 1977. Four meteoro-
logical oceanographic buoys were anchored for three weeks in a square
array about 150 km on a side . The data have been translated , de-
bugged and plotted as time series . The data processor has started
computing spectra , variances , cross correlations , coherences and
phase lags. Time series were used to help select the study area
for JASIN-78.

Results to date indicate that the magnitude of the variance in the
water temperature in the near surface thermocline , as a function
of time , is highly correlated with the time of day for most of the
record. At a depth of 10 m it peaks at mid day and is essentially
zero at mi dn i ght. Internal waves of the M2 tidal frequency domi-
nated the internal wave spectra . The semid iurnal variations in the
depth of the top of the seasonal thermocline were as great as 67 m .

JASIN—78: Our objectives are to anchor three OSU buoys along with
one WHO! buoy in a 2 x 4 km array and a fourth OSU buoy 20 km from
the center of the small array . The array will be anchored in Rock-
all Channel at 59°N Lat. and l2.5°W Long. for two months during the
s unwer of 1978. We plan to obtain a continuous record of water
temperature from the surface down wel l into the seasonal thermocline
and of a record of near surface meteorologica l drivin g forces. These
data will be used: to study the frequency , intensity and velocity
of frontal type structures in the mi xed layer; to study the varia-
bility and organization in near surface meteorolo gical forcing func-
tions and furnish these data to the large number of other researchers
who will be studying the mi xed l ayer and thermocline in the area
with fixed and towed sensors ; to make continuous comparisons between
wind data from Aanderaa propeller type anemometers and two different
types (WHO! and SlO) of vector averaging wind recorders ; to continu-
ously monitor the depth of the mi xed l ayer; and to endeavor to deter-
mine horizontal coherence and phase shift as a function of lateral
separation as well as phase velocit y of the longer period internal
waves .

Current Status : Preparation of equipment is well on schedule.
V—lb
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AIR-SEA INTERACTION PROCESSES

Joost A. Businger
Kristina B. Katsaros

Department of Oceanography
University of Washington

Seattle , Washington 98195

Phone: 206/543—4594

Goals: The goals of this work is to explain relationships between
atmospheric forcing and changes in the structure of the upper
ocean. In particular we are looking at the manifestations of such
interaction at the interface, which can be observed from aircraft
or satellites.

Present Work:

A. Analysis of MsMast Data: Data obtained at our Lake Washington
facility during 1977 is being analyzed with the following particu—
lar topics in mind:

1. Delta T versus u:
~~ 

This project concerns evaluation of the
temperature deviation of the surface water from lower strata
(Delta T) when wind stress (ui) is acting. We obtained a nice
data set for this purpose during November 1977, when the air—
water temperature difference was —10°C.

2. Turbulence over surface waves: This analysis is being done in
conjunction with Dr. S$ren Larsen of Rise, Denmark , who obtained
high frequency turbulence measurements immediately over the waves,
while we were recording wave information and other data in August
1977.

3. Eddy diffusivity in waves: A method was found for estimating
turbulent diffusivity under waves. This was first explored with a
NATO—sponsored student in our summer course in 1976. This will be
extended in summer 1977.

4. The high frequency wave gauge: We are also this winter giving
close scrutiny to the calibration procedures and the performance
of resistance wires at high wave frequencies. This part of the
spectrum is of great interest because it is these shorter waves
which scatter electromagnetic energy of microwave frequencies.
Our data indicate a very different behavior of the spectrum with
increasing wind stress in the capillary range compared to the
gravity wave range.
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B. The JASIN Experiment: We are at present preparing for  the
JASIN experiment in the North Atlantic July 20 — September 10,
1978, when we will collec t data on sea surface temperature and the
short and longwave radiative fluxes from one ship and from the
NCAR Electra aircraft.

Future Work:

A. Field Experiments:

I. Stress at hig~h winds: The major effort in 1979—80 would be to
prepare for and carry out an experiment to obtain direct measure-
ments of wind stress at wind speeds > 15 rn/sec. This would take
place at an oil rig in the North Sea, December 1979 — February
1980. Dr. Stuart Smith of Bedford Institute of Oceanography will
cooperate in this effort. This experiment will be important in
itself , if we can extend the range of known values for the “drag
coeff ic ien t”, C0

. The project could also make a valuable contri—
butlon to the “verif ica tion ” effor t for Seasat—A ’s wind stress
sensing systems.

2. Participation in MARSEN I: Thought is just being given to
4 possible participation in MARSEN I. (This is a NATO sponsored

experiment on Marine Remote Sensing planned for the North Sea,
September — October 1979.) We would analyze radiative sea surface
temperatures obtained from aircraft. It would be a cooperative
effort , where we would be able to extend what has been learnt in
the JASIN experiment to a different place, time of year and
conditions.
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)UXED-LPYER MICROSTRUCTURE

Dr. Douglas R. Caidwell
School of Oceanography
Oregon State University
Corvallis, OR 97331

LONG RANGE OBJECTIVE

To develop an understand ing of the physical processes by which
heat and mass are transferred vertically in natural waters.

PROJECT OBJECTIVE

The extension of our knowledge of vertical transport processes
affecting the surface mixed layer, through observations of temper-
ature and salinity “microstructure ” .

CURRENT STATUS

In August-September 1977 a month-long cruise as part of the MILE
project resulted in 311 microstructure profiles at station P. A pre-
liminary data report “Temperature Microstructure Profiles at Ocean
Station 1’: Preliminary Results from the MILE experiment” (OSU Refer-
ence 77—22) has been sent to the ONR distribution list. The process
of interpreting this data, particularly in terms of its relation to
data from moored and towed instruments, is now under way.

N .JOR ACCOMPLISHMENTS

Microstructure measurements of a temporal sampling density far
greater than that achieved before , under adverse weather conditions
(40 kt winds).
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Charles S. Cox
Scripps Institution of Oceanograp hy, La Jolla , Ca., 90293

-
• (714) 452 3235

Long Range Objectives. My primary objective is to identify, locate ,
and measure the small scale processes which bring about the transfer
of heat , momentum , and material substances in the oceans. Such know—
ledge is necessary to understand dissipative processes , the structure
of the ocean , and rates of change of oceanic properties. A second ob-
jective is to understand electrodynamic processes in the ocean.

Objectives of current work. Primary emphasis in 1976—78 has been on
- I qualitative description of the intrusive tongues which bring together

overlapping layers of contrasting water types , and to study the evolution
and transport of internal wave energy . Electrodynatnic affects of baro—
tropic ocean currents and ocean surface waves have beeen measured.

Current status. Discrimination between internal waves and intrusive
tongues can be made on the basis of the spatial and temporal variability
of the structure of temperature , salinity, and density . Studies of
CTD traces have demonstrated this discrimination and enable evaluation
of changes of internal wave energy density with time . The transport of
internal wave energy is found to be diffusive on large scales because the
wave—wave interaction limits wave propagation to short distances .

Major accomplishments. The diffusion coefficient for Internal wave energy
has been estimated. A nonlinear effect of short ocean surface waves
has been detected on the deep sea floor by electrical measurements.
The electrical signature of MODE scale barotropic flows has been found .
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Comparison of velocity derived from neutral buoyant floats in MODE
with the electric field measured at the sea floor at Station 1. The
float data F, analyzed by Freeland and Gould, provide the velocity
at Station 1 at a depth of 800 in. The electric field measures th~
weighted mean velocity from surface to bottom with weigh t factor
equal to the electrical conductivity of the water. The horizontal
electric field E is interpreted as horizontal velocity U accord-
ing to E — U x B where B is the vertical geomagnetic Induc tion ,
and indicated by solid line , 1. The upper and lower panels show the
east and north components of U respectively . They have been no
adjustments. The similarity of the two curves indicates that the
electric field is a useful measure of MODE scale barotropic flow
which can be made by self—contained apparatus In an Eulerian frame
of reference.
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Title: NORPAX Program Administration

Investigator : Dr. David L. Cutchin
Scripps Institution of Oceanography
Code A—03 0
La Jolla , California 92093
7I’~’/~~52—322 6

The goal of the NORPAX administration office is to
provide overall program administration for the
NORFAX project which encompasses more than 35 scien t is ts
at approxima tely 19 ins titu tions and governmen t agencies.
This administrative func tion involves proposal coordin-
ation and review , long range planning, funding agency
interface and day-to-day program administration . It
serves as a central point of contac t and public relat ions
to the outside world concerning the NORPAX program.

Acco mplishments:

1. A Quarterly Report is issued to provide
participating scientists , fund ing agencies
and other interes ted par ties a vehicle for
keep ing abreas t of current accomp lishments
and direction of this multi-institutional
program.

2. A mainland coordination base was provided for
the NORPAX equatorial experiment which took
place during the winter of 77-78.

3. Organized and conducted meeting of NORPAX Co-
Principal Investigators and guests. This meeting
was the best attended of all Co-Principal
Investigator mee t ings to date.
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Upper Ocean Dynamics

Russ E. Davis
Scripps Institution of Oceanography
La Jolla , California 92093
(7 14)  452 44 15

The objective of this study is integration of observational and
theoretical ideas to provide methods for predicting changes in the
upper ocean on t ime scales of days to months and for predicting the
behavior of statistical descriptions of higher frequency processes.

An experimental study of upper ocean currents and their relation to
wind was begun with the NORPAX POLE experiment (J. Phys. Oceanogr.,
March 1978). Dissatisfaction with instrumentation then available
led to an extensive development program leading to a vector averaging
current meter based on velocity component sensing propellers ( a de-
scription appears in the NATO text “Instruments and Methods in Air—
Sea Interaction” co—edi ted by Davis). The current meter appears , from
laboratory studies , to be relatively insensitive to the rectification
errors associated with rotor/vane meters.

During the MILE experiment eight proto—type current meters were deployed
of which one failed . The records show a mixed layer dominated by
inertial currents nearly , but not exactly , similar at all depths
and In both layers a very energetic internal tide. Integration with
dynamical concepts is underway and additional deployments will be made
during POLYMODE and JASIN.

A d a p t a t i o n  of acoust ic  ship ’s log to use in measuring currents  in the
upper ocean is underway. Initial improvements in the system have led
to achieving useful velocity estimates to depths of nearly 100 m with
a depth resolution on the order of 15 in. Methods for routine data
logging and archiving are under development.

Upper Ocean variability on the scales of months and hundreds of kilo-
meters has been examined as part of NORPAX. Using statistical models
the relation of North Pacific sea surface temperature to the overlying
atmosphere as described by surface pressure , has been examined (J. Phys.
Oceanogr., May 1976 and April 1978). The dominant connection appears
to be atmosphere driving ocean with about a one month lag. In certain
seasons, however , the ocean state can be used to predict subsequent
atmospheric states , suggesting a possible feedback . The nature of the
atmospheric forcing of the ocean is under further study using sea level
along the west Coast of North America and steric adjustment off California.

Recently completed was an observational study of wind generated surface
waves by Davis and Lloyd Regier , now of M.I.T . Methods of estimatin g
directional spectra were developed and applied to data from BOMEX. This
showed universal spectra to be only a first approximation spectra of the
frequency to the minus fifth power type to be unusual , the spectrum to he
universally more directionally of nonlinear control of the spectrum .
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In v e s t i g a t i o n  of Internal Wave

Dissipation and Small Scale Temperature

Structure in the Ocean

~ves J.  F. Desauhies
Applied Physics Laboratory
Department of Oceanography
University of Washingto n

Seattle , Wa 98105
Telephone: (:06) 543-1355

This investigator ’s genera l in terests are presentl y the
theoretical modeling of oceanic processes . His goa l is to
derive models that describe the basic physics and can account
for the ava i l ab l e  data .  In the part icular context of interna l
waves a basic problem is to estimat e what  part they p lay  in
the overa l l  energe t i cs  of the oceans . The overall , long-
range purpose of the i n v e s t i g a t i on o u t l i n e d  in  this proposal
is to determin e wh at is  (a r e) the  ph ys i ca l  m ec ha n i sm ( s~ by
which interna l waves are dissipated , at what  scales these
processes occur , and what the signature of those events might
be.

The spec i f i c  ob j ec t i ve  of the  Projec t  is to i n v e s t i g a t e
the physical processes that determine the small-scale tempera-
ture fluctuations in the ocean (scales from 100 to 0.1 m in
the vertical). We shall examine what are the respective
contributions from internal waves and fine structure to the
observed variabili ty , and how the transition from one regime
to the other occurs as the wave nuither increases .

We shall attempt to determine at what scales internal
waves are dissi pated by breaking and what the signature (i.e.
the resulting fine structure) of those events might be: To
th i s  end we shall derive a statistical description of the
observed temperature structure , w h i c h  would he helpful n
in terpreting the data. ~e would also like to define the
optimum set of measurements required to observe , separate,  and
quantify the internal wave contribution to the small-scale
temperature fluctuations.

Thus our ohiec tives involve the simultaneous investigation
of the physical processes . their modeling and description , and
the t~ieoret ical  prob l ems posed by their measurement .

This is a new project started in February 19’S .
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DYNAMICS OF THE OCFAN SURFAC E MIXED LAYER

Roland A. de Szoeke
School of Oceanography
Oregon State University
Corvallis , OR 97331
Phone : (503) 754-3160

LONG-RANGE OBJECTIVES

To understand the dynamics of exchange of heat and momentum
at the ocean-atmosphere interface and i ts relation to the deeper
ocean .

PROJECT OBJECTIVES

To analyze the MILE current meter-temperature data in order
to:

(i) understand the role of internal waves in upper ocean
dynamics :

(ii) examine the response of the upper ocean to storms ;
(iii) develop theoretical models of upper ocean dynamics

CURRENT STATUS

M I LE data analys is is currently under way.
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Transient Processes in Ocean Currents

Dr. Walter Du ng
Division of Meteorology and Physical Oceanography

Ur lve rsi ty of Miami
P Rosensti el School of Marine and Atmospheric Science

4600 Rickenbacker Causeway
Miami , Florida 33149

Telep hone : (305) 350—7566

Long range objectives:

Develop a better understanding of the kinematics , dynamics and
transient behavior of well—defined , intensi ve ocean currents
and , furthermore , of the role of intensive ocean currents in air
sea feedback systems and in oceanic heat budgets.

Project objectives:

~~~~torial Currents (GATE): Study of time-dependent , three—
dimens ional structure of the currents in the immediate vicinity
of the equator , with emphasis on the Equatorial Undercurrent and
its long—period fluctuations .

Somali Current (INDEX): Obtain several year—long time series of
currents and sea surface temperature (by remote sensing methods)
to determine oceanic response in a western boundary current sub-
ject to large—scale seasonal wind reversals . An intensive field
stud y in 1979 is scheduled to complement these several year long
observations by focusing on the Somali Current and the adjacent
equatorial region .

Current Status and Major Accomplishments:

Observations from the GATE Equatorial Oceanographic Experiment re-
veal large—scale meandering of the westward—flowing South Equatorial
Current and of the eastward—flowing Equatorial Undercurrent with
time scales of 2 to 3 weeks . These observations interpreted as atmos-
phericall y forced waves as well as large—scale barotrop ic instabilities ,
were found to dominate the fluctuations in the equatorial Atlantic. The
analysis of large volumes of satellite—sensed sea surface temperature
data allowed for the first time to reliably pinpoint wavelength and
propagation properties of equatorial waves.

Somali Current: Long—term current and temperature records from
several locations in the Somali Current north and south of the equator
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constitute the first modern oceanographic time series made in this
region . These records and simultaneous observations by satellite
borne temperature sensors, begin to reveal the outline of a chara—
teristic annual cycle of the Somali Current. Two major features
of this cycle are the omnipresence of very large eddies and a deep
counterflow under the Somali Current. The southwestward directed
mean flow (see Table 1) is observed throughout the year at relative-
ly shallow depths. These measurements in conjunction with records
off Kenya in 1976 imply that the Somali Current may be limited to

- - a very thin top layer and thus differs substantiall y from other
boundary currents such as the Gulf Stream and Kuroshio.

Table 1. Mean speed and direction of currents recorded 39 km off the
Somali Coast near latitude 4°33’N during the two monsoon
seasons in 1977/78.

Time period Sensor depths Speed Flow towards
of observation (in) (cm/sec) (O ) - -

During Southwest Monsoon:

1 June 77 — 3 Nov 77 210 19 213 . 
-

During Northeast Monsoon:

3 Nov 77 — 11 Feb 78 210 41 206

During Southwest Monsoon:

1 June 77 — 3 Nov 77 590 15 209

During Northeast Monsoon:

3 Nov 77 — 11 Feb 78 590 19 204
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Regional Studies in Physical Oceanography

Brady A. Elliott
Department of Oceanography

Texa s A&~1 University
College Statthn , Texas 77843

Telephone : (713) 845-2947

Wi l l iam J. Merrell , Jr.
Department of Oceanography

Texas A&M University
College Station , Texa s 77843

Telephone : (713 )  845—7211

Sc ien t i f i c  Goals

Our long-range objective is to contribute to the understand-
ing of the dyn amics of ocean circulation . At this point in time ,
our interest is focused on the mesoscale circulation features of
the Gulf of Mexico and the Cari bbean Sea. Due to the rich variety
of dynamic phenomena found in the circulation of these basins , we
believe that studies of their circulation will be rewarding by not
only adding to the description of the basins ’ regional oceanography ,
but by also supplying information on the generation and inter-
action of dynamic processes common to all ocean basins.

Objectives

To calculate by 10 squares the long-term mean seasonal wind
stress and wind stress curl for the Caribbean Sea to determine
if the annual variation in the magnitude and distribution of these
parameters can provide a dynamical explanation for the observed
temporal variabilit y of the Loop Current system in the eastern
Gul f of Mexico.

Current Status

The historical surface marine observations from the National
Climatic Center TDF-ll deck have been sorted by 10 squares;
edited , to eliminate incomplete or unrealistic records ; and uti-
lized to calculate surface wind stress (using the bulk aerodynami c
method ) and wind stress curl . The results of these calculations
are now being put into analyzable form .
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O C E A N I C  TH ERMAL R ESPONSE TO ATMOSPH ER I C F O R C I N G

R. 1. Elsberry and R. W . Garwood , Jr.
Nava l Postgraduate School
Monterey, Cali forn ia 939~O(Li08)646-2 373/2552

The objective of this research is to isolate and document
those changes in near-surface oceanic therma l structure para-
meters that are related to atmospheric forcing. Our particular
interest is in the understanding and simulation of changes on
diurnal , atmospheric cyclone and monthly tine scales. A corn-
bired ii~odeling and data anal ysis approach is used to obtain a
more comp lete view of the time evolution in the absence of com-
plete oceanic data , and to extend our understanding of the dom i-
nant physica l processes.

We have found a characteristic response in terms of mixed
layer temperature and depth due to the passage of atmospheric
cyc l ones (Elsberry , Fraim and Trapne ll , 1 976 , J. Geophys. Res.),
It was also shown that a major fraction of the atmospheric
f o r c i n g  is concentrated in a relative l y small fraction of the
t i m e , and that these periods can be associated with synoptic
time-scale forcing events (Camp and Elsberry , 1978, J. ~~~~~~~~~~~

Oceanoyr.). A long-term statistical study of these forcing
events indicated that the accompany ing sea surface temperature
changes may account for the net cooling for the entire month
or season (Elsberry and Camp, 1978 , J. ~~~~~~. Oceanoqr .). App l i-
cation of a new one-dimensional bulk model (Ga rwood , 1977 , J. - 

-

~~~~~~~~~~~ Oceanogr.) has demonstrated the variability of the turbu-
lent mixing on diurnal and storm periods. The coup ling of the
diurnal and atmospheric cyclone forcing during the spring appears
to be capabl e of ex p laining interannual differences in upper I -

ocean therma l structure . Of mos t importance are cases of rapid
transition during one daily heating cycle from a uinter reg i me
of deep mixed layers to a summe r reg ime with shallow layer
depths , wh i ch then establishes the characteristic therma l struc-
ture for several months.

V-3O 

- - -- - - - ,  -

—_ —- --_ -- -__— _ -- -_ --- -~~ -~~ —~~~~~~~~~~ =- —s- ~__ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ii ;---_ _ ~~~~~ —



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~

---

~ 

-
~~~

Dy namic Topog raphy from Temperature Maps:
A Monitor of Ocean Circulation Changes
William J. Emery, Principal investigator , (713)—845—2947
Dept. of Oceanography , Texas A&M University
College Station, Texas 77843

Lon~—range scientific objectives of the Principal investigator:
Through the study of new and existing data develop an understand—
1mg of the distribution of temperature and salinity and their
variations. To use this understanding to develop techniques
which will allow interpretation of ocean dynamics from expendable
bathytherinograph (XBT) data. To promote the use of cost effect-
ive methods of data collection (XBT’s, XSTD ’s, etc.), to acquire
information of the spatial and temporal changes in the circula-
tion of the ocean.

Objectives of the project: To develop techniques which will
allow computation of 0/500 db dynamic height in the North Pacific
be tween 30 and 50°N from XBT thermal structure. Using these
techniques produce monthly maps of 01500 db dynamic topography
to monitor the changes in the geostrophic circulation .

Current status of research: Computational procedures using mean
salinity profiles and mean temperature—salinity curves have
been developed to infer salinity for dynamic height calculations.
Maps of 0/500 db inferred dynamic topography have

• been computed from an XBT temperature climitology (provided by
White and Bernstein) and compared with existing hi—monthly maps
of true dynamic height. Individual monthly m.’ps of inferred
dynamic topography have been computed from TRAI4SPAC XBT maps
to provide a 2½ year monthl y time series of the geost rophic
circulation in the North Pacific .

Major accomplishments: Mean salinity prof iles have proved usefu l
in inferring salinity from depth in the region north of 40°N.
He re salinitj ~es from temperature—salinity curves led to
large uncertainties in 0/500 db dynamic height (~lO dyn cm) while
the salinity profiles resulted in uncertainties of about 2—3
dyn cm in regions north of the Subarctic Front (‘.40°N). Bi-
monthly maps of inferred dynamic height computed from an XBT
climatology compare well with exisiting maps of true dynamic
height. Ind ividual monthly maps reveal significant changes in
the circulation of the West Wind Drift in the Eastern North Pac—
if ic. A paper reporting these results has been prepared and sub-
mitted . Present plans are to use the monthly maps of inf erred
dynamic topography to compute such quantities as geostrophic
heat advection, and variations in the momemtum flux.
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XBT Swath Analysis , A Study of Spatial Variabi li t y

Co—Princ ipal Inves tiga tors:

William J. Emery , (7l3)—S.~5—2947 *
Dept. of Oceanography , Texas A&M University ,
College Station , Texas 77843

John P. Dugan , (202)—767—3756
Code 8340, Ocean Sciences Div .
Naval Research Lab
Washing ton , D.C. 20375

Long—range scientific objectives of this investigator *: In
addition to those objectives previously stated , this investi gator
desires to develop a set of statistical techniques to properly
evaluate XBT data (sections and swaths) in terms of mesos aIc
features.

Objectives of this project: To better describe the mesoscale
variations in temperature , density and sound velocity in the
upper ocean . To use available swath XBT data to produce a three
d imensional , surface to the bottom pic ture of sound velocity
structure for use by the acoustic community. To evaluate
statistical procedures for a meaning ful description of mesoscale
features.

Current status: Working with a swath in the North Pacific histor-
ical temperature and salinity data have been used to extrapolate
the XBT data and to compute sound velocity. A paper describing
this procedure and the resultant sound velocity structure has
been submitted . We are now working to statisticall y analyze the
mesoscale features observed in the XBT data.

Major Accomplishmen ts: Surface to 3000m sections ot sound vt� loci tv
show important variations in sound velocit y structure

especially within the sound channel. The effects of these
variations on propagation are b e ing  eva lua ted . The ex t rapola t ion
technique for temperature is leas t successful  in ex tend ing  50Dm
tempera tur e profiles down to 800m. Therefore , future swaths
should use •~l l  800m XBT probes.
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Potential density, energy and vorticity computations

Nicholas P. Fofonoff

Woods Hole Oceanographic Institution

Woods Hole MA 02543

(617) 548—1400 Ext. 525

Density of seawater varies with salinity as well as tem-
perature and pressure making explicit calculation of an adia-
batically leveled reference density field impossible. The top—
ography of the observed density field in terms of the leveled
potential density field is necessary for computing available
potential energy, potential vorticity and for mapping tracer and
indicator variables on material surfaces of constant potential
density. An accurate numerical procedure has been developed to
compute the reference field fr om CTD profiling stations. The
procedur e has been applied to MODE-i density stations to estimate
available potential energy and is being used to examine the poten-
tial vorticity conservation equations for the MODE-i density and
velocity measurements . Ithe techniques developed will be used on
other data sets as they become available.
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- Moored Array Program
N. P. Fofonoff, W• J. Schmitz, Jr., and J. R. Luyten

Woods Hole Oceanographic Institution

Woods Hole MA 02543

(617) 548—1400 Ext. 525 (NPF), Ext. 541 (WJS), Ext. 541 (JRL )

The broad objectives of the moored array program are to ex-
plore and describe the velocity and associated temperature ,
salinity and density fields in the oceans over a broad range of
time and space scales; to interpret the data in terms of theoret-
ical and conceptual models; and to improve and develop instruments
and pla tforms needed to obtain the data desired .

Research is carried out jointly with investigators from with-
in the moored array program and with scientists associated with
other programs , depa r tmen ts and institution s. Each scientist
utilizing moored arzay program resources will describe his per-
sonal research elsewhere in this report . The principal investi-
gators listed above are responsible for the technical quality of
the observations made , and for encouraging the best possible co-
operative experiments . With respect to technical quality :
(a) mooring recovery is nearly 100%, (b) current meter data
return is near 90%, (c) all commitments made in the last few 

- 

-

years have been successfully completed , including innovative
efforts such as a tri—moorirtg, the first large—scale sediment
trap moorings, and one—year deployments. It is f e l t  that  the
results of experiments utilizing our capability are playing a
fundamental role in forming the observational base for contem-
porary oceanography .
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“Theoretical Study of Oceanic Frontal Dynamics and Thermodynamics ”

Dr. Richard W . Carvine , Pr inc ipal Inves t iga tor
College of Marine Studies

Un iversity of Delaware , Newark , DE 19711
Telephone (302)  738—1212.

The long r ange  s c i e n t i f i c  ob jec t ive  of the pr in c  ipa l  inv es t i -

gato r is to develop unde r s t and ing  and p r e d i c t i v e  c a p a b i l i ty  b r

o c e an i c  f r o n t a l  dynamics. Both t h e o r e t i c a l  mode l ing  and f i e l d

observations are used to this end .

The objective of the current project is to develop an integr al

model of oceanic frontal dynamics that includes thermodynamics ,

p e r m i t t i n g  the model circulation to accomplish its own m i x i n g .  The

model is to be a p p l i e d  to a broad range of f r o n t s  f rom s m a l l — sc a l e

estuarine fronts , where earth rotation is univ- ortant and turhu~ ent

transpor t pr ocesses dom inan t, to large scale fronts , such as the

Gulf Stream front , where ro ta t ion is impor tan t , but turbulent

transport less so.

In its current status , the project has led to formulation of

the p roper in tegra ted  equat ions  for  mass cont i n u i t y ,  do wnstream

and c ro s s—s t r eam momentum and a d v e c t i o n— d i f f u s i o n  of buoy ancy ,

together with appropriate boundary conditions.
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Model isotherms (dashed lines) for the Sargasso Sea front compared to
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Downstream flow variables from the model for the Sargasso Sea front ,
including surface velocity v~ , volume flux per unit width Vy and thegeo strophic value , Vyg and the total volume transport P y .  Also shown
are sea surface elevation anomaly ~n , Richardson number Rig and inter—
facial slope dD/dx . 
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“Measurements of velocity, temperature and conductivity fluc-
tuations during the mixed layer experiment (MILE)b y a towed
ocean prof i l ing sys tem - data analysis ”

Carl H. Gibson , Assoc iate Professor of Eng inee r i n g Physics
and Oceanography, Scripps Ins t i tu t ion  of Oceanography,
La Jolla , California 92037 (714 )  452-3184

Mixing processes in the ocean such as turbulence  a r e
character is t ica l ly intermit te nt in t ime and patch y in space d u e to
the effects  of stable strat if icat ion.  Estimates of viscous and

• di ffu sive dissi pation rates (( and X) f rom the MILE data indi-
cate that mean values of these important quantit ies may be de ter-
mined by a relatively small fract ion of the volume of fluid for a
given layer. This is so when (C , X) p / (E , X) 0 is greater  tha n
Vp /V 0 , where  the subscripts  indicate values in the active
patches_compared to the less active back ground , and V is v o l .  FR
sinc e (C , 

~~Layer (~~~ ‘ X) p Vp + (C , X)o V0 . Patches of
various sizes were observed , and the value of (C , X) seems to
increase  with the size of the patch. Consequently the average
value (C, ~

) estimated for a given layer will increase until  the
size of the record averaged is la rger  tha n the separation of the
largest  patches. Patches of active mixing were observed in
MILE extending ove r 50 meters in the horizontal separated by
over a kilometer, with dissipation rates at least two orders of
magnitude greater  tha n the back ground. Measurements  were
made with heated and cold rnicrobead thermis tor  velocity and
temperature sensors , microconductivity probes (resolution less
than 1 cm) as well as sensors for mean quantit ies , mounted on
the double hulled towed ocean profi l ing system show n schemati-
cally in the fi gur e. Surface ship forces were decoupled by a
tether pulley ar rangement  so that vert ical  disp lacements were
reduced to a few centimeters , the linear acceleration spectra to
10~~ to io~~ (m/ s 2 ) /hz i t-i the bandwidth I to 100 hz with
roll rates of order 0. 1 °/sec at surface  wave frequencies , so
that the bod y induced sensor noise was minimized .  Over 35 hours
of (C , C ’, T, T ’, u , u ’, a 1, az ,  a3, p) data were  collected d u r i n g
ten days of tows at depths from O-60m covering 300 km of water
in the MILE experiment a r ray ,  where C is conductivi ty,  T is
temperature, u is velocity, a is acceleration and p is pres-
sure. Data analysis  will includ e a statistical descr ipt ion of the
intermittency of mixing parameters  and an attempt to categor ize
the hydrop hysical states of the fluid; layered , inactive, act ive
and fossil  turbulence for  exampl e.
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Ocean Modelling Newsletter
Princ~~al investi~ator.: Dr.. A. E. Gill ,
D. L. T. Anderson and P. D. Killworth ,
D.A.M.T.P., Silver Street , Cambridge, U.K.

This project was designed to establish an informal news-
letter as a means of cmmnunication of preliminary research
results among United States and European scientist. on all
phases of ocean modelling . Now that the teething troubles are
over , articles are arriving at a steady rate and 12 newsletters
have now been circulated , with articules by 54 authors from 8
different countries. The newsletter is widely circulated within
the Navy and academic community, there being 451 names on the
current mailing list.
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a. Sea Level and Sea Surface Temperature Expressions
of Ocean Transients as Viewed From Satellite.
Arnold L. Gordon
Lan~ont-Doherty Geological Observatory, andDepartment of Geological Sciences of Columbia
Universi ty , Palisades , New York 10964
914 359 2900 Ext 325

b. General scientific objectives of A.L. Gordon is the
study of transport of ocean characteristics by
spreading of water masses on a variety of scales.
Cross frontal exchange in regard to oceanic regime
to regime transfer of ocean characteristics and
generation of water masses is of particular

• interest.

c. Study of the structure evolution and translation of
• sea level variations associated with geostrophic

turbulence with horizontal scales of 100—1000 km,
and their relation to sea surface temperature. The
initial objective is to utilize SEASAT—A altimeter
and radiometer data in the Western North Atlantic
to study transient geostrophic features generated
by the Gulf Stream system (meanders , rings and
eddies).

d. The project will begin in May 1978 with a study of
the GEOS-3 altimeter and other satellite radiometer
data in the Northwest Atlantic for the period
February-March 1976 , when particularly intense Gulf
Stream rings were present. When SEASAT-A data be-
comes available in October or November 1978, we
will shift to these records.

e. No accomplishments , since project is a new start.
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Project ti t l e

XBT Sections in the Northeast and South Atlantic .

Princ iple Investigator

W . J . Gould ,
Institute of Oceanographic Sciences ,
Wormley, God aiming ,
Surrey GU8 5UB, U.K.

Long range scientific objectives of P1

investigat ion of mesos cale mot ions in the N .E. Atlantic .

Objective of project

T-7 XflT probes have been supplied by ONT~ to be
dep loyed on ship tracks in the Atlantic ocean during
1 977/78. Ship time and all other costs are borne by
UK sources . Some of the data will be collected from
areas not often visited by research vessels - the
remainder are in support of the North  East A tla n t i c
~ynamics Study (NEADS) which maintains long term
current meter moorings in the N.E. Atlantic . The
data are relayed in real time fo FNWC Monterey.

Current status of project

The ship tracks on which observations have or
will be made are shown in the attached figure together
with data from the section taken by RRS Discovery in
November/December 1977. The return of the original
traces from HMS Endurance is still awaited on her
return from the Antarctic . The sections have yielded
some of the first XBT data using T-7 probes in the N.-E
A t l ant ic .
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SMALL SCALE MIXING PROCESSES

Michae l C. Gregg
App l ied Physics Laboratory
University of Washington
Seattle , Washington 98105
206-543-1353

Long-Ra n ge Scientific Objectives of the Principa l Invest igator

My long-range scientific objectives are to develop a quanti-
tative understanding of the dissipative processes in the ocean

~ind their role in the large-scale , time-averaged budgets of heat ,
salt , and momentum . To achieve this understanding it is necessary
tk) observe m icroscale fluctuations of temperature, salin ity, and
velocit y to scales less than a centimeter and to relate the dissi-
pative structures found to the fine-scale variability occurring
‘ ver scales of from a meter to about 10 kilometers. Since these
~.tn~c variables also determine the velocity of sound , some of the
processes and structures observed are major factors causing
acoustic fluctuations in frequency bands of prac ti cal impor tance
to the Navy .

Ol~~ect iv es of the Project. There are two phases of the project.
One is to assess the levels of small scale , i.e. centimeter ,
mixi n g in the upper ocean and the other is to study the evolu t ion
of intrusiv e water bodies . The intrusions have vertical scales
of from 1 m to tens of meters and horizontal scales up to tens
of ~.iJometers . They appear to be major factors in the heat and
- a l t  fluxes of the ocean and in short range sound speed anomalies.

Status. Free-fall observations of small scale mixing and towed
measurements of the larger scale density field were made under
he; i v v  weather at Ocean Station P during MILE in August 1977.
The observations were successful and are current ly bein g analyzed .
‘leasurements of the effect of meso-scale eddies on the mixing
h ill  be made during Polymode during June l~ 77.

~~j or Accomplishments

Previous observations have shown that the level of small scale
mixin g in the main thermocline of the Pacific is much lower than
can be consistent wit h oceanic models that rely upon significant
vertical turbulent diffusion . The levels do show significant
variation f rom one month to another, due either to the passage
of meso-scale eddies or to variations in the energy input to the
internal wavefield. By contrast the Equatorial Undercurrent has
two regions of intense vertical turbulence. The Gulf Stream ,
however , does not .

The dynamic s of the near surface layer were shown to be strongly
affected by lateral advective processes rather than wholly governed
by vertical mixing . j
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A. PROJECT TITLE : Mesoscale ocean-atmosphere response studies
during the 1978 Joint Air-Sea Interaction (JASIN) Experiment

PRINCIPAL INVESTIGATOR: David Halpern

ADDRESS: Pacific Marine Environmental Laboratory
3711-15th Avenue N.E.
Seattle , Washington 98105
(206) 543-5284

B. LONG-RANGE SCIENTIFIC OBJECTIVES: Parameterization of wind-
generated physical processes occurring in the upper ocean.

C. PROJECT OBJECTIVES : (1) Description of the spatial varia-
tions of the near-surface wind-stress and upper ocean currents
for distances between 10 km and 100 km. (2) Intercomparison
of Savonius rotor, acoustic , electromagnetic and propeller-
current meters. (3) Intercomparison of propeller and 3-cup
wind recorders .

D. CURRENT STATUS: Moorings and equipment are being prepared
for deployment in July from the R.R.S. Shackleton.
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A . PROJECT TITLE: Variability of wind-generated upper ocean
currents during the Mixed Layer Experimen t (MILE)

PRINCIPAL INVESTIGATOR : David Hal pern

ADDRESS: Pacific Marine Environmental Laboratory
3711-15th Avenue N.E.
Seattle , Washington 98105
(206) 543-5284

B. LONG-RANGE SCIENTIFIC OBJECTIVE : Pararneterization of wind-
generated physical processes occurring in the upper ocean.

C. PROJECT OBJECTIVES: (1) Description of the vertical profile
of low-frequency (cutoff frequency “~ 2 cph) components of the
horizontal velocity and temperature fields within the upper
ocean , including the mi xed layer. A shear in the mixed l ayer
of 0.01 sec ’ will contribute si gnificantly to the turbulent
energy budget and cannot be ignored in models of mixed l ayer
dynamics. (2) Description of the reliab ility of near-surface
moored current measurements . (3) Relationship between wind-
forcing and vertical finestructure of dynamic stabilit y as
represented by the Richardson number. (4) Description of the
time varia tions of wind-generated internal wave energy.

D. CURRENT STATUS : Processing of data has been completed.
Results of intercomparison of near-surface measurements made
from different types of current meters suspended beneath
different kinds of surface buoys are being prepared for
publication .

• E. SIGNIFICANT ACCOMPLISHMENTS : (1) Determined that current
measurements made with AMF vector-averaging current meters
suspended at 8 m depth beneath a surface-fol l owing toroidal
buoy and at 9.5 m depth beneath a spar buoy were similar at
frequencies less than about 5 cph. (2) Observed shears of
0.03 sec ’ in the mi xed layer during the passage of a low-
pressure (992 mb) storm having winds and significant wave
heights in excess of 15 m sec 1 and 3 m for 36-hours.
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NUMERICAL STUDIES OF THE DYNAMI CS OF
LARGE SCALE OCEAN ANOMALIES

ROBERT L. HANEY

Department of Meteorology
Nava l Postgraduate School

Monterey, California 93940
(408) 646—2308

The long—range scientific object ive of my research is to ins-
r~

..ve our understand ing of the large scale thermal vari abilit y it~
t h e upper layers of the ocean and to develop a dynamical , numerie.~l
‘iodel capable of simulating that variability with proven skiU. It
is expec ted that this improved understanding and modeling skill wc l l
i ncrease the Navy ’s capability to predict environmental factors
which are required to meet various operational needs.

The objective of this project is to continually develop and i~-
pr ove a numerical model of the North Pacific Ocean and to use the
tr.odcl to identify processes responsible for the formation and evo-
l ution of large— scale thermal anomalies in the open ocean. This i s
being done by performing a set ics of numerical simulations of such
.Inoma l ies s tar t ing f rom observed initial s t a t e s  In the ocean. An
improved vers ion of Haney ’s (1974 , J. Phys. Oceanogr.) ten—lev el
pr imi t ive equat ion model of a closed rectangular basin is being used
b r  the s imulations. The observed initial conditions are being oh-
ta m ed f rom the monitoring program ( TRANSPAC) of the NORPAX Anoma ly
Dynamics Stud y.

Three numerical experiments have been comp leted . The f i r s t  e’.-
pe’riment makes use of idealized anomaly patterns in both the atmos-
phere and t he ocean and thereby provided background information for
Ihe interpretation of the more comp licated experiments using oh .ervt~)
data.  The two experiments utilizing observed data are for the (‘.111
m d  Winter of 197 1—72 and 1916—77 respec t ively.  Bo t h of these per~ o d c
were character ized by intense anomalies in the atmosp here . A eon-
t ras t ing case , with weak atmospheric anomalies , Is being stud ied it

the present t ime . The above model s imulations and the anal y s i s  of
new T RANSPAC data both suggest that surface wind mixing may he an in—
portant new mec hanism for anomaly development. In order to real  is—
Icall~ test this mechanism , various aspects of the numerical mode l

arc being improved . These include improved representation of the
atmosp heric wind forc ing , introduction of salinit y as a prescr ibed
variable , and the introduction of an explicite prognostic tormul.s
t ion of t he well mixed surface layer (Carwood , d. Phys. Oceano~~~( 1Q 7 7 ) )

The ma j or accomp lishments during the past two yea rs are (.i) (lie
• n i e c e s s t u I  s imu lat ion of la rge—scale  anomalies star t  lug w i  t} t  . 1 .  I

d.~t a from the ocean , and (b) the demonst rat Ion , by model s jat I ) .u I  i ‘u •

that anomalous atmospheric wind forcing alone (w i t h  c l i m at o l ’~. ie.i~
heat Ing) can account for a considerable fraction of the obse rv- .’d m i ss-
maly development at the surface (see the figure on the next page)
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Fig . 1. Top panels show the monthlymean temperature anomalies observed
in the North Pacific Ocean during September 1976 (f irs t column) , Novem-
ber 1976 (second column) and January 1977 (third column). Lower panels
show the corresponding anomalies simulated by the numerical model .
The 4—month simulationmade use of observed anomalous wind forcing but
climatolog ical heating . The contour interval is 0.5 C at 10 m and

0.2 C at 102 m. Negative anomalies are shaded .

V—48
Li



~~~~~~~ ~~~~~~~~
-
~~~~~~::‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P

1. l.quatorial Circulat ion Study
Robert IL Harvey , Principal Investigator
Univers ity of Hawaii
2525 Correa Road
Honolulu . Hawai i  9o822
Phone: ~~O8) 948-7894

2 . Long-range objectives of the principal investigator
To participate in the ongoing effort to determine the

dynamics of the equatorial oceans. The FCGE intensive activity
in the equatorial reg ion offers the opportunity to measure a
given oceanic effect simultaneousl y with a multitude of other
observations. Hopefully this will allow us to correlate pheno-
mena in both space and time and to identif~’ the causal dynamic
relationshi ps between these phenomena.

5. Objective of the project
To contribute to the understanding of the two-dimensional

circulation pattern in the centra l equatorial Pacific Ocean.
Results from the 1977-78 contract year w i l l  provide valuable

• guidelines for modification of the instrument array for the
L)T9- 80  FGGE year experiment .

4. Current status
Six bottom current meters and two bottom pressure recorders

were deployed during leg 1 of the Tahiti Shuttle cruise. Stations
were spaced in a horizontal array centered on the equator and
lSO °W , as shown in the accompanying diagram. The instruments
were launched as free vehicles , with timed releases set to fire
on leg 4 of that cruise , roughly 2-l/. months later. All instruments
were sucessfullv retrieved and the data recovery rate is good .
The data will be analyzed for possible Rosshv waves , tides , inertio-
grav i ty  waves and “steady” bottom currents. These results should
aid us in designing a bottom array for the 1979 FGGE year activity.

1 .

V-49

_________ - -
I—. — .— L ~~~~~~~~~~~~~ -.



___  - - - - ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

P

oria 1 Circul ation St udv \R i JS 3— 343

N~~~~~~~ MeFer 
J 156

A P’essure Recorder

C - - -- - 1 ~ — — — ——— —— -------_--- -
~ 

- — —  — - - . - - — - — -—

•
332

~~ -~-------.-4--.-t-- —-- - -

3118 459 3117

2°~—

1 5 ° 00 14~ °W

Instrument array during l9~~ — S
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bottom for about 2—1 /2 months.
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COMPUTATIONS OF THE NONLINEAR ENERGY TRAI’lSFER
IN A GRAVITY-WAVE SPECTRUM

Prof. Klaus F. Hasselmann

Max—Planck—Institut fUr Meteorologie
- 

Bundesstrasse 55
2000 Hamburg 13

FRG
Phone : 41 29 51

Dynamics of surface waves , numerical wave prediction, ocean
models, ocean—ice—atmosphere interactions , climate dynamics.

The development of more efficient methods for the numerical
integration of the Boltzman integral expression describing the
nonlinear energy transfer within a surface—wave spectrum. The
technique will be used to compute the nonlinear energy transfer
for a wide variety of surface—wave spectra to provide background
data for improved wave forecasts. These calculations can then be
parametrised and incorporated in an improved wave prediction model.

The importance of nonlinear interactions for the evolution of
the wind-wave spectrum has been demonstrated by JONSWAP (Hasselniann
et al., 1973). These results have stimulated a number of new
investigations of the Boltzman integral expression for the non-
linear energy transfer within the spectrum. While this work has
helped clarify the structure of the Boltzman integral and has
demonstrated the importance of shallow—water effects, all previous
investigations have been limited to computations of the rate of
change of the spectrum for special, idealized spectral distribu-
tions. For example, in all cases the directional spreading
function was taken as syimnetrical and independent of frequency and
the frequency distribution as a single—peaked Pierson—Moskowitz ,
JONSWAP or similar spectrum. There is a need for more systematic
computations of the rate of change of an arbitrary spectrums , with
arbitrary , frequency—dependent directional distributions . There
also exist no systematic investigations of the evolution of the
spectrum under the influenc~ of the nonlinear energy transfer,
i.e. the Boltzntan differential integral equation has not yet been
integrated with respect to time. These types of investigations
require considerable more computational efforts then have been
expended on the problem to date, and can be meaningfully tackled
only if a serious effort is made at simplifying the numerical
integration procedure for calculating the Boltznman integral.
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The initial goal of the investigation is therefore to develop
a general purpose program for computing the nonlinear energy trans—
fer within an arbitrary finite—depth , gravity—wave spectrum . The
basic approach will be to compute the spectrum—independent part of
the integral kernel only once and to store this on disc . The
results can then be recalled for subsequent integrations for
different types of spectra. The integration can be simplified by
transforming to symnmetrized integration variables which fully
exploit the symmetry of the kernel. It is anticipated that the
integration time for repeated integrations can be reduced in this
manner by at least an order of magnitude.

The integration program has been completed and is in the
final stages of debugging.

The project has only been running since June 1977, and it is
therefore still too early to identify tangible results.
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RESPONSE OF THE UPPER OCEAN HYDROGRAPHY TO WIND S

Dr. Stanley P. Hayes
Pacific Marine Environmental Laboratory

3711 — 15th NE
Seattle , Washington 98105

206/543—5276

LONG RANGE OBJECTIVES: Study of the small scale processes
occuring in the ocean, their relation to oceanic mixing, to water
mass formation , and to external forcing.

PROJECT OBJECTIVES: Observe the effect of an early autumn
storm on the surface mixed layer and evaluate the changes in
water properties and fine structure which occur.

PROJECT STATUS: Conductivity temperature and depth (CTD)
measurements taken on NOAA Ship OCEANOGRAPHER have been processed
and a preliminary report distributed to cooperative investigators .
Analysis of fine structure is proceeding.
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Is land Trapped Waves

Nelson G. Hogg
Woods Hole Oceanographic Institution

Woods Hole MA 02543
(617) 548— 1400 ext . 525

This project is an outgrowth of a program to study mixing
processes near boundaries and is a part of a long term investi-
gation of the effects of bottom relief on water motions. The par-
ticular objects of this study are to observe trapped wave motions
near Bermuda using current meter moorings and to understand the
trapping mechanism in terms of simplified analytic and numerical
models.

A three mooring array with Bermuda at the center of a large
triangle was deployed for nine months in 1975. The resulting time
series exhibit significant horizontal coherence at a number of
discrete frequencies corresponding to periods ranging from 6.2 hr

- to 384 hr. At periods longer than inertial the estimated phases
are consistent with wave motions traveling clockwise around the
island. Shorter period results are more ambiguous but, apparently,
both directions of travel are possible.

We have investigated the mechanism for trapping energy near
a circular island with sloping sides . At periods greater than
inertial perfect trapping is possible and the waves must propagate
clockwise. At shorter periods the trapping is not perfect but
energy leaks away at a rate which depends on the particular wave
mode as well as other environmental parameters. Waves can travel
in both directions.

This work is being prepared for publication and a second
array of three moorings has been deployed in close to the island in
order to look more closely at the dynamics of the trapping
mechanism.
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OCEAN WATER COLOR SATELLIT E

UTILIZAT ION EXPER I MENT

Principal Investigator — Ronald J. Holyer

Naval Ocean Research and Development Activity
NSTL Station , Mississippi 39529

601—688—4864

Interest: Investi gators interest is in the application of remote sensing
technology to oceanographic problems with special interest in mu ltispe ctra l

-
. 

- 

techniques.

- . Objective : Chlorophyll , sediment , and other consituents can give water masses
characteristic colors which permit delineation of many of the same features that
are observed in thermal images. Water color may yield clues about the ori gin and
dynamics of upwellings , fronts, and eddies which would not be apparent from therma l
data alone. Thus, the objective of this experiment is to demonstrate that re-
motely sensed ocean spectral reflectance (water color) is a useful interpretive
aid in the study of the dynamic features of the ocean .

~pproach: Data from LANDSAT, NOAA , and GOES satellites plus Ocean Color Scanner
data from the NASA U—2 aircraft will be collected over the test area for the month
of September , 1977. The experimen t area is bounded by 37°W, 43°N , 127°W , and the
California coastline. This t ime and location corresponds to SURVOPS 77 activit Ies
by the NAVOCEANO Sea Scan aircraft whose AXRT and ART data will provide ground truth
for the satellite analysis. Data anal ysis will be performed on NORDA ’s Interactive
Di gital Satellite image Processing System (IDSIPS). Comparison of our multispec-
tral analysis with the analysis of DMSP therma l imagery by Dr. Bernstein of Scripps
will achieve the stated objective .

Status : Data has been acquired and the interactive analysis system became opera-
tional In April 1978. We are ready to begin analysis.
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RADIO MEASUREMENTS OF THE SEA SURFACE
H. 1. Howard , 215 Durand Building

Stanford University , Stanford , CA 94305
Phone : (415)497-3537

Thi s is a joint venture between a group at Stanford and Dr .

R. H. Stewart of Scripps . The long range scientific objective is

the measurement of currents , current shear , wind speed and direc-
tion and sea state using remote sensing, i. e., radar techniques.
A central feature of the joint work is the comparison of radar re-
sults with simultaneous oceanographic measurements with the goal

of providing in dependent ship or shore based radar instrumentation

to measure the above parameters .

We have recently completed an experiment which will produce
comparisons of shore based radar w i th  simultaneous spar buoy and
pitch and roll buoy observations in the radar cell. Several publ i-
cations discussing ocean surface current and directional spectra
and a Ph.D. dissertation are presently in prepara Jon.

Us i ng much of the same equipment we are preparing to parti-
cipate in the JASIN experiment in the sun~ner of 1978. The radar
will be installed on board the Woods Hole vessel Atlantis II for
daily operation and comparison with the Scripps pitch and roll
buoy and numerous other investigators ’ current , wind and spectra
measuremen ts.

The two major accomplishments of the year have been the com-
pletion of the Ga l veston Island synthetic aperture data analysis
with a paper in the final stages of preparation and the completion
of the Pescadero radar-oceanographic work. It is expected that
the combination of Pescadero and JASIN results will produce a
nearly complete understanding of wha t HF radar can and canno t
do in oceanography .
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CONTINUATION OF THE NORPAX SHIP OF OPPORTUNITY PROGRAM

CAPTAIN R. E. HUGHES
Commanding Officer

FLEET N U M E R I C A L WEATHER CENTRAL
Monterey, CA 93940

Telephone (408) 646-2141
AV 878—2141

The long-range goal of the XBT project is to assure a
continuous monitoring of the ocean ’s thermal structure
such that quasi-synoptic charts can be produced depic-
ting changes in the thermal structure. This would en-
able a derivation of changing patterns relative to
heat content and heat advection which is necessary for
scientific analysis of the large—scale processes of
the ocean.

The objective of the project is to provide a continu-
ous flow of high quality XBT observations from selec-
ted ships. The observations are to be distributed
geographically so that a balanced data set is avail—
able to determine the ocean ’s thermal structure .

• As a current status, the project is operating with
twelve ships and is allied with several other similar
projects that are operated by institutional/Federal
Agency investigators , such as “TRANSPAC ” “INDEX ” “ISOS”
and National Marine Fisheries Service.
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Title: Entrainment Processes at Ocean Fronts

Principa l Investigator: Takash i lchiye

Institutional Affiliat ion: Texas A&M Universi ty

Mailing Address: Dept . of Oceanograp hy, Texas A&M Univers i ty ,
College Station , Texas 77843

Telephone No.: (713) 845-6661

Long-range Scient i f ic Object ives

• (I) Dynamics of meso-scale c i rculat ion phenomena

(2) Incorporation of meso-scale phenomena into the general
c i rculat ion as quasi-stochastic processes.

Objective of the Project
To study entrainment processes along the ed ge of the western boun-

dary current , particularl y, the Kuroshio theoreticall y and by field -

experiments.

Current status of the Project

(1) A theoretical model of baroclinic instability for the shear

- 
S flow was almost comp leted, In this model , the basic current has

not only the vert ical shear and st rat i f icat ion but also hori-

zontal shear.

(2) The experiments for determining entrainment processes along the

edge of the Kuroshio are planned. In such experiments , the pr im-
• cipal investigator and a graduate student w i l l  part ic ipate in the

cruise on board the Hakuho of Ocean Research Institute, Univer sity

of Tokyo , about three weeks in September and October and w i l l
measure rneso-scale current features with drogues and with a

profile current meter.

Major Accomp lishment

The new baroclinic instability model predicts strong instability waves

with along-current wave lengths of 50 km. to 100 km. These waves corres-

pond to scales of cold water blobs observed in the strong cyclonic shear

zone of the Gulf Stream and the Kuroshio. The scheduled Hakuho cru i se is

specificall y aimed to determine spatial structures of such blobs as well

as their development with time.
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Internal Wave and Mediterranean Water Front Studies

Terrence M. Joyce
Woods Hole Oceanographic Institution
Woods Hole , MA 02543
(~~l7) 548—1400

My long-term research interests involve the experimental study of
both internal gravity waves and small-scale mixing in the ocean
and the formulat ion of simple mathematical models to aid in the
interpretation of exper imental results .

In the past two years ONR has sponsored two field experiments for
me: a moored current meter array for internal—wave studies and a
cruise south of the Azores in which a CTD was used to study a
front- like transition in the Mediterranean Water near the mid—
Atlant ic Ridge.

Our recent studies of internal wave variability were to test a
local in teraction wi th the mean flow which would appear as a
wave—induced vertical diffusion of mean flow momentum . Results
do not support the magnitude of transfer recently predicted by

• Muller although some signature of coupling between the fields
exists in regions of large eddy activity . Work on this problem

• w i l l  continue through 1978. In addition , some aspects of propa-
• gation and scattering of inertial—internal wave energy are being

explored .

The rec~ nt CTD survey to the region near 35° N, 3 50  ~ has shown
the existence of a front—like transition in the Mediterranean
Water and suggests an interaction between the large—scale circu—
lation and the ridge . Some simple physical arguments support the
notion that the above two effects are coupled . This may be
fu r the r  explored wi th a simple advective—diffusive numerical
model . The CTD data are still being processed but preliminary
looks point to interleaving as a principle mode of salinity
transfer across the Mediterranean water front.
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LOW WA VENUMB ER OCEAN ENERGY TRANSPORT
Glenn H. Junq

Nava l Postgraduate School
Montere y, CA 93940
(408) 646-255~

Long Range Scientific Objectives: This ~.tu dy w i l l  concentrate
on the ver y low wavenumber reg ion of the ocean temperature turbu-
lent spec trum ; i t  w i l l  at temp t to in d i c a t e  the role p layed by
large-scale ocean c i r c u l a t i o n s  as they f unc t i on  as poss ib le
energy sources for the remaining circ ulation scales of the spec-
trum. A comparison of the energy avai lable in this scale w i l l  be
made w i t h  energy amounts calculated in the higher wavenumbe r
reg ions .

Project Objectives: Use computer program to obta in mass , salt
and sens ib le  heat t ranspor t  across eleven l a t i t u d e  sec t ions  in
the A t l a n t i c  Ocean wh i ch  have IGY da ta .  Descr ibe  seasona l vari-
at ions , and re la te  computed results to energy calculations in
othe r reg ions of the spectrum f rom other invest iqator s.

Progress: Seven la titude sections have been processed (at
48, 40, 31, 32 , 24, 16 E- 8N) in the A t l a n t i c  Ocean; computations
include transports to the ocean floor. An extens ive  stud y favo-
rab l y compared available observed cu rrent va l ues with calculated
Curren ts (Cun ~n i n g s ’ thesis). Transports wi thin different water-
masses flowing across these s e c t i o n s  are be ing summarized , to be
issued as a technical report in June 1978. Data cards for the
four South Atlantic sections (8, 15, 24, & 32S) have been pre-
pared and verified . Initial computation runs have been made for
8 & l5S , but several more will  be required to establish the level
of no motion . Bottom topographic data are available along these
sections ,to be used in extrapolating the flow field downward from
the deepest ocean observations. A manuscript in preparation will
sumarize projec t results and compare them with values of smaller
(includ i ng meso-) scale eddy transports of others.

Major Accomp lishments: Cummin gs , Walter J., 1977. A Descrip-
tion of the General Circula tion in the North Atlantic Ocean
Based on Mass Transport Values Derived from IGY ( 1957-58) Tempera-
ture and Salini ty Data. Master ’s Thesis , Dept. of Oceanography,
Nava l Postgraduate School. 134 pp.

Jung , Glenn H., 1976. New Calcu lations of Heat Transported
Pol eward by Ocean Currents. Pape r presented at AGU ran Annua l
Meeting, San Francisco , December 1976.

Jung , Glenn H.. 1977 . Ocean Energy Transport  Anoma lies Dur ing
the Sunspot Maxi urn of the ICY (Autumn 1957) . Pape r presented
at the AGU Annua l F a ll Me etinq, San Francisco , December , 1977.
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CURRENT SHEAR ACROSS AN OCEANIC FRONT

Eli Joel Katz
Woods Hole Oceanographic Institution
Woods Hole , MA 02543
(617) 548—1400

Long-Range Sc ien t i f ic  Object ives

Our study of the near surface oceanic fronts persis-
tently found in the sub—tropical convergence zone of
the Sargasso Sea is to be able to understand and
eventually predict the causes of intensification and
the conditions for  instability of these fronts.

Objective_of the Present Project

Field observations were made in March 1976 from the
R/V RESEARCHER in a frontal region south of Bermuda .
Dr. Ants Leetmaa of AOML made CTD observations on a
scale of several hundred kilometers in order to study
the relationship of the surficial fronts with the
meso-scale motions of the main thermocline , while we
towed a combined CTD and current measuring system hor-
izontally across the fronts. Our objective was to
evaluate the stability of the frontal surface.

Present Status

Horizontal current shears were measured on several
crossings of the front and these are being compared
with the predicted shear computed from the measured
density discontinuity across the front. In the few
instances that a well-developed front was observed , the
shear was either equal to or several times larger than
predicted . The width of the shear zone was measured ,
perhaps for the first time , and found at times to be
less than a kilometer wide , compared to 100 m for the
density discontinuity .

Detai].ed analysis of the performance of the acoustic
back scattering current system during the cruise in-
dicated the need for improvements . An engineering
field test was conducted in January 1978 and design
work has been initiated . 
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OBSERVATIONS AND ANALYSES OF INDIAN OCEAN EQUATORIAL CURRENTS
:obert A. Knox

Sc ripps Inst. of Oceanograp hy , La Jolla , Ca., 92093 (714) 452 2094

One of my scientific interests , the one which lies behind th is projec t , is
the time—d epend ent circulation in the equatorial oceans . The princ i pal
feature which distinguishes the equatorial region from midlatitudes is the
rapidi ty of baroc linic .idjustment to variable wind stress via equatoriall y
trapped waves (Moore and Philander , l~ 77~
This project has had as its objective s the observation of selected aspects
o f the t ime—dependent equatorial  c i r cu l a t i on  in the Indian Ocean , and ,
during t he past vo.~r , some t heoret ical studies of in teract ions between
equatori al waves and mean f lows . The observat ional e f f o r t  has been to main-
tain moored current meters :~t the equator north of the Sevchel los long enough
to assess the importance of seasonal (monsoon—driven) fluctuations at inter-
mediate depths (500 m). Such fluctuations dominate the near—surface record
(Knox , 197h). This effort is about to end , and the data will h~ anal yzed
in the coming vo~tr . An examp le of data gathered already, although too
short to address monsoon phenomena , contains some interesting
higher frequency inform ation . Spectra (not shown) indicate that energy in
the meridional component (v) exceeds that in the zonal component (u) at
periods between 100 and 1000 hrs; this argues for dominance of modes with
latitudinall y symmetric v—fields , of which the graves t is the Yana i wave .
Similar results at similar depths have been obtained in the Atlantic by
Weissberg, Miller and Knauss (1975).

The theoretical work , largely due to M. McPhaden , a graduate student , has
utilized a simp le two—layer equatorial f-plane model with various prescribed ,
geostrophically balanced mean zonal flows in the upper layer. A linear
stabili ty analysis reveals neutral oscillations corresponding to what would
be the classical free modes in an ocean without mean flows . The mean flow
induces change s in the mode frequencies and structure; the principal effect
is to distort u , wh i le ha rd l y changing v or the pressure (sea level) field .
Thus measurements of zonal velocity as a function of latitude, not present ly
available in sufficient detail , would provide a much more sensitive test of
the importance of wave—mean flow interactions than would island sea level
reco rds , whic h have been used to identify equatorial modes (Wunsch and Gill ,
1975)
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a. Oct ati Mixing Processes
Richard B. Lambert , Jr. , Prin ci pal Investi gator
Science Applications , Inc.
8400 %Vestpark Drive
McLean , Virginia 22101
703/827—4752

b. Long Range Scientific Objectives of Principal
Invest I gator

To understand ocean microstructure , small
scale mixing processes , and their rela-
tion to mesoscale and large scale ocean
circulation and energy budgets .

c. Project Objectives
1. Analyze hydrographic data from oceano-

graphic cruises on R/V TRIDENT , TR-15l
and 135 in terms of lateral and vertical
mixing in the Gulf Stream front .

2. Analyze laboratory data and historical
ocean data in terms of the mean T-S
properties of the ocean and their rela-
tion to double-diffusive transport
mechanisms .

d. Current Status of Project
1. Abstract published in EOS 5 9 ( 4 ) ,  p. 301:

“Extrainment and Mixing in a Gulf Stream
Meander”

2. Paper “Transport Processes Across the
Gulf Stream” to be submitted to Journal
of Physical Oceanography in June , 1978.

3. Paper relating Double Diffusion to mean
T-S properties to be submitted in
September , 1978.

e. Data from TR—l51 clearly show interleaving
of 18° Water from the Sargasso and Slope
Water underneath the core of the Gulf Stream .
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SMALL SCALF OCLA NIC FEATI’ RES

R. Edward Lange
Universit y of California , San Diego
Sc ripps Institution of Oceanography

La Jolla , California 92037

Phone : 714/452— 3234

Long Range Objective s: An underst anding of the levels of oceanic
mixing in the vertical , and advection and mixing in the horizontal
is sought. The variabilit y (temporal and spatial) of phys ical and

• biolog ical proper ties of the ocean is desired , to understand the
• propagation of heat , mass , momentum and biota , and the ir intere—

lationships with each other and with larger scale motions of the
ocean .

Project Objectives: An investigation of the fine and micro—
structure in the temperature and velocity fields has been inves-
tigated in the MILE experiment through the use of a large , free-
f a l l  veh ic le , during and after the passage of a storm . The nature
of the entraining layer at the base of the mixed—layer will be
investi gated for the effects of stirring and suppression by buoy-
ancy forces to determine the mixing efficiency, and downard propa-
gation of energy of such events. Concominitantly, the use of a
slow—fall XBT is being examined for possible use as an expendable
f ine to microstructure survey tool .

Status of Project and Accomplishments: Twenty—six successful drops
were made in the MILE experiment , under conditions ranging from
40 knot winds to calm seas and clear skies. This data is present-
ly under analysis. A persistent and sometimes turbulent shear
layer was observed at the base of the mixed layer , and was rela-
tively thin——from 1 to 3 meters thick. Deeper within the thermo—
d ine , the levels of velocity structures were immeasureably small.
Due to the catastrop hic loss of the free—fall vehicle in a shake-
down cruise in preparation for the POLYNODE Local Dynamics Experi-
ment , the effort for developing an expendable fine structure pro-
f i l e r  is be ing vi gorously pursued .
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I ) EFINI T 1ON OF OCEAN SURFA ( :E C l T I ~RENT BOUNDARIES
USING SYNT H ET IC APERTURE RADAR OVER THE TAIL

OF THE GRAND BANK

Princi pal Investigator — Paul E. La V iole tt e

Nava l Ocean Researc h and D ev e l opment  Act Ivi ty
NSTL Stat ion , Mississipp i 39529

601—688 4864

In te res t :  The long—range sc ien t i f i c  o bj e c t i v e s  of this~experiment is to
ex t ’ lore and exploit the use of remote sensing Inst ruments for oceanograp hic
purposes

Experiment Purpose : The main purpose of the present experiment is to show
(a) that surface currents modify the amplitude and/or orientation of local
waves to form surface patterns with definable boundaries and (b) that the
diffuse return of aircraft and satellite SAR’s can delineate these patterns
and boundaries, If successful , the results of the experiment will show that
SAR—derived patterns of wave conditions can he used as an all—weather tool
to derive the oceans surface circulator y .

Exp er i n i en t  P lans :  The reg ion of study for the experiment is an area off the
‘east of Newfoundland called the Tail of the Brand Banks. Satellite , air—
t r ai t and ship data will be collected in the area during two phases of the
experiment. The first phase called “Base l i ne ,” will occur in June 1978: the
seto tid phase , called “New Look ,” will occur in May 1979 . To provide contin-
ii t v between the two phases , satellite data will he collected for selected
seasona l months.

t~ jor Accomplishments: Experiment is in pre—sur vey stage at this t ime . No
maj or accomplishments.
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STUDY OF THE MECHANICS OF MOMENTUM, WATER DROPLETS ,
MOISTURE , AND HEAT TRANSFER AT THE SEA-AIR INTERFACE
UNDER HIGH SEA STATES

Princ ipal Investi gato rs: Dr. S.C. Lng arid Dr .  T .W.  Kao
Institution: The Catholic Universi ty of Amer ica

Dept . of Mechanical Engineering
Washing ton, D.C. 20064

Telephone : 202-635-5)70

Our long lange object ive is to study the extremel y comp lex problem of
sea—a ir interlace through a step by step plan of theo ret ical analyses , contro l—

• led laborato ry stud ies , and field exper iments. These steps wi l l  be repeated
unt il a satisfactory analy t ical model is obtained . Particularl y, we are inter-
ested in the production of water droplets by w hitecaps and sea sprays , because
the evaporation of drop lets creates a strong latent heat s ink wh ich in turn

• enhances the vert ical transport of moisture and heat from the ocean. In ad-
dition , we are interested in the mechanics of the wind on the breaking waves ,
because wind drag on waves produces a surface drift which in turn causes

• wove breaking, a ir entra inment , and turbulence. The turbulence in turn en-
hances the transport of heat through the sea surface layer .

Our first object i ve is to understand the comp lex mechan ics of the atmos-
pher ic surface layer and then the mechanics of the sea surface layer . From
th is knowledge we eventually hope to treat the two layers as a one coup led
system .

Currentl y we have succeede d in develop ing a pertimir rary ana lyt ical
model that will account for the inter coupling effec t of the wind , temperature ,
humidity , and water drop let f ields. We have also developed an accurate
water droplet s ize-concentration detecting system for application over the
ocean. The system has been proven for high sea state
application during the 1977 JASIN exper iment. We are currently equipping
for the coming 1978 JASIN experiment which wi l l  involve three extensive
cru ises over the North Atlantic Ocean. Comp lete soundings of w ind, temp-
erature , humidity , and drop let s ize concentration wil l  be made to veri f y
the analy t ical model.

Our ma jor occomp lishments can be briefl y summar ized as follows:
1 . Developed an accurate drop let s ize-concentration detecting system .
2. Discovered that the droplets produced by breaking waves have a universa l

normal ized size distribution .
3. Proven that 3O-200 p water drop lets ore a ma jor soulce of moisture for the

atmosphere . Their latent heat sink promotes trans fer of heat from the sea .
4. Developed a realistic model for the atmospher ic surface layer , from which

accurate est imate for the transport of heat and moisture can be made .
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Equatorial Jets in the Indian Ocean (INDEX)

James R. Luyten

Woods Hole Oceanographic Institution

Woods Hole MA 0254 3

(617) 548-1400 ext. 541

The long range scientific objectives of this investigator
are to observe and understand the processes by which the ener-
getically dominant large-scale low-frequency motions are excited
and ma intained. The principal techniques used to date are moored
instrumentation and free—fall velocity profiles .

The scientific objectives of this particular program are to
explore and rationalize the response of the equatorial ocean to
the large scale meteorological forcing at long periods . In the
Indian Ocean the annual Monsoonal forcing dominates the steady
winds and drives a variety of phenomena with annual periodicity .
An exploratory experiment involving a moored current meter array
and intensive profiling was carried out in 1976 as part of INDEX.
Th is experiment provided the f i rs t  da ta on the struc ture of the
velocity field below 200 meters depth . The velocity field , during
the Southwest Monsoon , was dominated by several zonal sub-surface
jets trapped near the equator , roughly 100 meters thick. The
current meter array showed that the 200 meter jet broke down in
mid July although no event was observed in the wind field . The
statistics of the current meter array show a westward inten-
sification at low—frequency near the African coast , together
with a dominance by variability at periods of the order of 40-60
days.
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Analytical Modeling of the Large—Scale Temperature Fluctuations
in the North Pacific

Lorenz Magaard , Principal Investigator

University ot Hawaii
Department of Oceanography
2525 Correa Road
Honolulu, Hawaii 96822
Telephone (808) 948—7509

Long—range scientific objectives of the Principal Investigator:
Development of theoretical models for fields of large—scale and
mesa—scale waves and turbulence in the ocean with application
to field data (mainly from the North and Equatorial Pacific) in
order to understand and predict fluctuations of temperature ,
sound velocity and currents in the ocean , especially in the
upper ocean.

Obj ective of the proj ect: Analysis of temperature data (XBT and
hydrographic data , time series of monthly mean values up to 20
years) from various parts of the North Pacific by means of model
fitting (cross spectral fit). Development of models , especially
baroclinic Rossby wave models in case of non—vanishing mean shear
flow. Study of generation of observed processes (from the tern—
perature analysis) , especially by local meteorological forcing.
This project is part of NORPAX .

• Current status of the project: The development of baroclinic
• Rossby wave models has been completed . We are presently pre-

paring the application of these models to the TRANSPAC data which
are being collected under the NORPAX program in the area 30°N to
50°N, l70° E to lSO °W. The application of our theory of local
meteorological forcing to oceanic and meteorological data from
an area between Hawaii and California has almost been completed .

Major accomplishments: We have found that , f or time scales
between about 1 and 10 years and lengths scales between about
1000 and 3000 km. first order baroclinic Rossby waves appear to
dominate the internal temperature fluctuations in those parts of
the North Pacific between 20°N and 50° N where the mean current is
negligible. For the area of the North Pacific Current , we have
determined the shear modes of velocity and temperature . Our
Rossby wave model to be fitted to the TR.ANSPAC data is composed
of these shear modes . Our studies of the possible local meteo-
rological forcing of the Rossby waves, we determined from tern—
perature observations between Hawaii and California, have rein—
forced our opinion that the buoyancy flux at the sea surface
plays a significant role in the generation of these waves.
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TURBULENT DECAY - Sub t it I d 1)ynar;l ic~ ci IHI1 d 1 1 1 4  ~,nJ Non R ~~t at  111 4
Intrusion s and Internal S o l i ta r y  Waves - Tony M~Ix4e r t hy, U n i ve r s i t y
of Southern C a l i f o r n i a , Department of A e ros pace Enqineer ing , Los An geIv ~~,Ca l iforn ia 90007, (2 13) 74 l— 62 ~ O.

b) To understand the role p layed by inte rna l  s o l i t a r y  w aves ,
in t rus ive motions and double d i f f us i on  in the dyn ir~i i cs  of the wor ld’ s
oceans.

c ) To determine var ious mechanis i is whereb y int ern al solitary
waves can be generated in a s t r a t i f i e d  f l u i d , how these s o l i t a r y  waves
interact , promote mixing and transfer enerqy to va r ious  sca les  of mot ien
and how they arc re la ted to the dynamics of i n t r us ions .

d) We are currently undertak ing a series of laboratory
experiments on the generat ion of s o l i t a r y  waves frcs~ the g r a v i t a t i o n a l
co l lapse of mixed reg ions and by t i d a l  f low s over submarine to;~eqra phy .
Two papers on some aspects of these s ub jcc ts  have been prepart ~d and
submitted for pub l i ca t ion . However , s ince th is  is a new pro ject  no
papers have appeared in pr int  ye t .  we are cont inuing experiments on
wave generat ion and turbulence decay in a s t r a t i f i e d  f lu id , wave
generation by t ida l  f lows and the instability and f l ow f i e l d  of s t r a t i -
f ied eddies in a rota ting fluid.

e ) We have iso la ted the mechanis m whereb y soli tary waves , as
observed over the Continenta l Shel f , can be generated by t i d a l  f l ows
(see f i g. 1 ) and a paper on th is subject has been submitt ed. We have
also performed experiments on the three dimens ional interaction betwt~~n
solitary waves and are able to exp lain sone of the features seen in
satellite p icture of such interactions (see fig. 2).
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Generation of internal solitary waves by tida l flow over
submarine topography. a) The ebb tide generates a
depress i on wh ich  propaga tes onto the shel f  as the t id e
slackens. b),4The evolu tion of this disturbance is character-

- 
. ized by the generat ion of a train of so l i ta ry  waves , the

number and amplitude of which can be related to the form
of the in i t ia l disturbance .
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Interaction of c~qi 5oVtary waves at an ang
le show i ng the

generation of a third wave between them by resonant
interaction . Many satellite observations show an i dentica l
interaction over the Continental Shelf.
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1IWR~~1ST~’.DAL ANALYSIS OF TH E UP PE R WA TER MAS SES
AND CIRCULATION OF THE WORLD’S OCEANS

Michael S. McCartney
Woods Hole Oceanogtap h i .~: Institution

Woods Hole , Massachusetts 0254 3
(617) 5 4 8 — l 4 O ~1 , ext. 53C4

Lon~.J-ran~Je ~,cientific objectives: The principal  investigator ’s
objective is to det..’rm inc the modes of formation and renewal of the
main thermocline and upper deep waters of the world ’s ocean s, and
to understand their relationsh ip to the general circulation.

Present~ jroject objectives: To define the specific large volume
“n~~dc wate rs” , their formation site s, and circulation paths , by the
thermos tadu I analysis technique .

Current status: A paper has been published on a southern hemisphere
18° Water-i ike family of water masses called subantarctic mode water
(~~~~~—Sea Research, 1977) . Two additional topics briefly discussed
at the end of this paper have been furt~.cr studied, and two papers
are nearly ready for submission. These deal with a new hypothesis
for antarctic intermediate water renewal and with the recirculation
of subantarctic mode water within the southern hemisphere subtrop-
ica l yyie~~.

Work is underway on a description of the pycnostad distribu-
tions in the north central and northeast Atlantic.

Major accomplishments: A new perspective is emerginy on the ori gins
of the nain thermoclinic and intermediate waters of the world’s sub-
tropical qyres. A single process has been found to be responsible
for the dominant large volume central waters of these gyres. This
is vertical convection on the poleward side of the gyres in a rela-
tively restricted area, which gives , through its vertical homogeni-
zation , a narrowly defined temperature-salinity correlation over a
large depth range—-a pycnostad . These pycnostads recirculate in
the gyles following the geostrophically balanced large-scale circu-
lation , with little further alteration of charcteristics . This is
then a variation on the Iselin (1939 , Trans. Amer. Geophys. tin ., ~ ‘.

414—147) mechan ism , with cross—isopycnal mixing dominating in the
region where i:~obycna1s outcrop , and wi th few spec i f ic  hi gh volume
nodes dominating the temperature—salinity correlation.
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STUDIES OF EQUATOR IAL DYNAMICS

Princ i pal Investigator: J u l i a n  P. McCreary
(wi th D.W. Moore )
Nova University
Ocean Sciences Center
8000 North Ocean Drive
Dan i a , Florida 33004
(305) 587-6660 ext. 290

I am interested in low frequency (periods greater than the local
inertial period) and large scale (periods greater than the local
Rossby radius of deformation) oceanic changes. Recently, I have
concentrated my modelling efforts to the equatorial oceans in
order to investigate its response to changes in wi nd stress. In
the near future , I i ntend to extend this work. In the next decade,
I hope to participa te tn a joint French-American project to study
long term changes in the thermal structure of the equatorial Atlantic.

Many of the models now being used to study the equatorial ocean can ,
to a large extent, be described in terms of linear dynamics. Solu-
tion of these models compare favorably with observations of equa-
torial adjustment in the Indian, Atlantic and Pacific Oceans . The
objective of my part of this project is to study how non—linearities
alter these linear solutions.

In particular , Dennis Moore and I are considering the effect of non-
linearities on an internal equatoria lly trapped Kelvin wave. We
have considered the problem wi thin the framework of the simple two-
l ayer model , and are now extending the study to apply to the more
realistic (and mathematically more difficult) continuously strati-
fied model.

The results from the two—layer model show that there is surprisingly
little effect on the Kelvin wave. However, there are suggestions
that a larger change is possible in the continuously stratified
system.
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P I T L ~~: S A T E L L I T E — T R A C K E D  D R I F T I N G  B U O Y S

~R I N C T P A L I N V E S T I G A T O R :
G e r a r d  J. M c N a l l y
S c r i p p s  I n s t i t u t i o n  of O c e a n o g r a p h y
U n i v e r s i t y  o f  C a l i f o r n i a , San Diego
La J o l l a , C a l i f o r n i a  92093
7 1 4 / 4 5 2 — 3 9 6 5

L O N — R A N ~~E G O A L

The 1o n~~- r a n g e  s c i e n t i f i c  g o a l  of t h i s  s t u d y  i s  to
unde r s t a n d p r o c e s s e s  r e s p o n s i b l e  f o r  t h e  i n t e r m e d i a t e
a n d  l a r g e  s p a c e  and t i m e  f l u c t u a t i o n s  in  t h e  s u r f a c e
c u r r e n t s  of t h e  N o r t h  P a c i f i c .  The a p p r o a c h  u t i l i z e s
t h e  p o s i t i o n  f i x i n g  a n d  d a t a  t r a n s m i s s i o n  c a p a b i l i t i e s
o f  s a te l  li t es , p a r t i c u l a r l y  N I M B U S — 6 .  The  m e s o s c a l e
a n d  l a r g e s c a l e  f l u c t u a t i o n s  m a y  p l a y  a d e c i s i v e  r o l e
i n  t h e  p e r f o r m a n c e  of  l o n g — r a n g e , u n d e r s e a  s u r v e i l l a n c e
s y s t e m s .  T h e y  a l s o  a r e  i m p o r t a n t  in a v o i d i n g  d e t e c t i o n
o f  o u r  own  FBM s u b m a r i n e s .

O B J E C T I V E S  OF P R O J E C T

The  s p e c i f i c  o b j e c t i v e  of t h i s  p r o j e c t  is to
p r o v i d e  by m e a n s  o f  s a t e l l i t e  t r a c k e d  d r i f t e r  b u o y s  t h e
n e a r  s u r f a c e  c i r c u l a t i o n  d a t a  o f  t h e  N o r t h  P a c i f i c .

C U R R E N T  S T A T U S  A N D  PR O G R E S S

F o l l o w i n g  t h e  f i r s t  p i l o t  s t u d y  d e p l oy i~ e n t  of
d r i f t i n g  b u o y s  in  O c t o b e r  1975 ,  t h r e e  m a j o r  dep l o y m e n t s
w e r e  m a d e  as p a r t  o f  N O R P A X ’ s A n o m a l y Dyn~~”~ics  S t u d y
( A D S ) ;  16 i n  J u n e  1976 , 16  in  S e p t e m b e r  1976 and  19  in
J u n e  o f  1977 .  D a t a  r e t u r n e d  f r o m  t he  f i r s t  t w o  of
t h e s e  d e p l o y m e n t s  p r o v i d e d  o u r  f i r s t  r e~i l i z a t i o n  of t h e
n e a r  s u r f a c e  c i r c u l a t i o n  in the  m i d — l u  t i t u o e e a s t e r n
N o r t h  P a c i f i c .  T h i s  r e a l i z a t i o n  s h o w s  a l nr g e  s e a s o n a l
s i g n a l  w i t h  w i n t e r  spe ed s f o u r  t i m e s  t h o s e  o b s e r v e d  i n
the summer and early fall. This seasonal signal is
closely correlated with the overlying wind field. The
drifter data indicates a surface flow extending to a
depth of some 30 meters at 30 to the right of the
wind. Sixteen of the nineteen drifters depl oyed in
June 1977 are still operational . When complete , these
data , together with those of the first two dep l oyments ,
will allow an investigation of the interannua l
variation of circulation.

M A J O R  A C C O M P L I S H M E N T S

D e m o n s t r a t i o n  t h a t  the drift buoy system designed
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for th is program can survive and operate in the harsh
environment of the mid— latitude North Pacific.

PUBLICATIONS

Th e following papers are to be submitted to the
Jo urnal of Physical Oceanography in April 1978:

1. Analysis of surface current response to wine
forcing .

2. The near surface circulation of the eastern North
Pacific.

3. W ind drag and relative seperations of undrogued
drifters.
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Ti t le : The U pper Ocean Response Study

ln v e st i ~~i t o r :  Dr .  M. Miyake Institute of Oceanograp hy

604/656-8277 
Unive r s it y of B .C .
Vancouver , B.C. Canada
V6T 1W5

The Long-ra nge Object ives
Identific at ion and understanding of the relevant

phvscial processes for modification of the upper oc ean thermo—
structure . The inclusi on of the effect of horizontal advection
is ocst important. The stud y is based on the diagnostic analysis
o t  the upper ocean t emperature of t lie North Pacific

The O b j e c t i v e  of Project
Task l — A X R F  Survey of the North Pacific—NORPAC—ADS

Through hi—weekl y AXBT surve~ s of 10
0 

latitude and 5°
lo ncjtudc area centered around 45 N 165 W , with P3 aircraft
based at Adak , the thermo—field of the upper 300 m . is mapped .
An a ly sis will consist of assessing the relative role of surface
transfer of heat (including radiation) vs. advection process.
The procosses relevant for transformation of large scale thertno—
anomaly fie’ds (determined through the Transpac Data) is examined
i s their boundaries propagate through the AXBT sampling region.

fask 11— Meso—scale dynamics in “Mixed Layer Experiment ”
Shor t tim e response and space varia tion of thermof ield of

the upp er ocean is ob tained around Station P thro ugh the AXBT
survey. The STD survey was carried out within a 30 mile t n —
angular area. Time variation of meso—scale structure is
assessed along with the mixed layer evolution due to atmospheric
forcing events.  —

Current Status
I. ADAK--AXBT Survey.

Ri—weekl y P3 flights star t ed March , 1977 , and continue
today. Data is put in data summary and distributed. Scien-
t i f ic analys is cons ists of assessmen t of atmosp her ic forc ing
and evalu ation of the conseq uences of subs ur face  anomal y.

2. Meso—scale Dynamics in MILE
Ceostraphic velocity is computed from meso scale STD

survey . Advection of temperature field is being assessed
for t ime evolution of thernio field.

Major Accomp lishments
Meso—scale Dynamics in Mile. Only half cf the hea t con ten t

of the upper ocean is controlled by atmospheric forcing for the
MILE peri od (7 weeks , Aug.—Sep t. ’77). As much as half depends
on the advective process. Inertial —gravity wave forced by atmo-
spheric forcing events also creates an artifical deepening for a
two or three day period .
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OCEANO GR AP HI C USES OF SATELLITE INFORMAT I ON

Erik Mollo—Christensen
Department of Meteorology

Massachusetts Institute of Technology , Room 54—1 726
Cambrid ge , Massachusetts 02139

Phone : 617/2S~ —b28l

long R.inge Scientific Objectives of the Princ i~ al Investigator:
Description of dynamics of nonlinear wave phenomena , with a view
t awa rJs their e f fec t  on exchange , mixing and current formation .
Descri ption of some of the features of random waves and turbulence
in terms of a field of wave packets. Uses of observations of waves
to  Infer other properties and variables in the ocean .

The Obj ec t i ves  of the Project: To assess the uses of satellite
Inf ormation in research on dynamic oceanography. To generate
examp les of such use and to formulate recommendations and sugges-
tions for the better utilization of satellite information .

• Fh&~ Current Status of the Project: Funded for another year as of
January 1 , 1978, according to notice recently received . Work con—
tinuing on data acquisition and analysis , and the writing of papers.
One graduate student , A. Mascarenhas, Jr. . working on his master ’s
thesis , expected to be completed in sunnier 1978.

Major Accomplishments: A theoretical exp lanation o f cusped f r on ta l
waves in equatorial Pacific Ocean , as observed by Legeckis. The
waves may be geostrophic billows and the observation suggested
tha t a theoretical solution be sought , and this was done .

Observation of apparent edge waves inshore of Loop Current in —

Mexican Gulf , and a theory worked out for finite amplitude rota-
t ional edge waves , a new theoretical solution.
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h i r en 0 c in ~ c I t  Oflt S

hr i st  p hcr N - • ‘h’ocrs
C oi l  e e c  c [ l •~ i ii~ S t u d i e s
U niv e rs it y ot h)c

P. 0. Box 2b6
Lewes . Delaware 1Q958

(302 )  6~~ -- -4266

The long—r a nge s c ie n t i f i c  ob jec t  ives of the  princ ip al
j~~v es  j 

~ •i t or a re to  understand the dvnam ics of ocea n ic  f r o n t s ,
and the ir role in other oceanic and in a i r—sea  i n t e r a c t i o n
p r oc e S t ’

The obje ctiv e of t h e  p r o j e c t  is to provide nava l manage—
mcut w ith a c c ~~ t nt surtunary of contemporary knowledge about

•~ce a nic  t ron ts .

The primer is in t he second d ra f t  stage .

The Chapman Conference on Oceanic Fronts was convened in
New Or leans on 11 to 14 October 1977. It was a t tended by about
200 peop le and about 80 contr ibut ions were made. A summar~ of
the Conference has been written and accepted for publicat ion in

• th e May 1978 lssue of EOS , The Transactions of the American Geo-
physical Union. Also , the Journal o f Geop hysical Research is
p lanning to publish about two dozen papers stemming f r o m  the
Conference in a 1978 issue .
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Project Tit le: ‘Stu dies of Equatorial Dynamics ”

Pr incipal Investi gator: Dennis W. Iloore
Wova Un i vers it y Oce an Sc i ences Cen ter
8000 North Ocean Drive
Dania , Flor ida 33004 Phone : 305-920-1355

L9 9-Ranj~ Sc ien t i f i c  ~~~~~ ives
My long-range Sc cut I fi c object i Vt’S center on theoret i ca l ModelIng

of oceanic c i rcu lat ions , using primari ly analyt ic (as opposed to nul leri-
ca l ) techn;ques. The present focus of lily work is model inq of time
dependent equatorial circulat ions , as a response to t i me-v trying
surfac e forcing .

obj ect ives of the Project
The object ives of the project are to mode l both steady and time-

dependent equatorial f lows , and to understand how they are driven by
the a tMosphere and in turn influence the a tr: .~sphere . Speci f ic  obj ec-
t ives  inc lude un derstanding non- linear effe (- - an Kelvin waves ,
developing new undercurrent mode ls , and unde~ ~~. ding the cause of
the multip le “undercurrents ” observed by Luytci and Swal low in the
equatorial Indian Ocean.

Md~ Or ACc O~~ThShll1efltS
Major accom plishments within the last few months thchide the

submission of three manuscr i pts for publication and the completio n
(with J. McCreary ) of a one and a half layer model for studying non -
l inear effects on equatorial Kelvin waves . This work , alth ough
based on a iiai eve perturbation e~pansio ll , leads to an elegant ana ly-
t ic tre a tment w h ich gives a very simple descr ipt ion of the ef fects .
This t:ork is now being wr i t ten up.
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• HYDRODYNAMICS OF THE OCEAN SURFACE LAYERS

Dr . Pearn P. Nii ler
School of Oceanogra phy
Oregon State Un i vers i ty
Corvallis , Oregon 97331
(503 ) 754 - 3382

The lon g-range objective of this project is to understand
the hyd rodynamics of the var i ab i l i ty of the tem pera ture ,
sal inity , and ve l oc i ty fields of the upper l ayers of the
oceans . Presently, there i s a stron g emphas i s on ga ther-
ing and interpreting field data on upper-layer velocity
field and tempera ture variability on a time scale of
a few minutes to a few days . In central ocean gyres ,
the modeling hypotheses of one-dimensiona l vertica l heat,
mome ntum , and turbulent energy are tested , and i nitial
field experiments are planned to describe and understand
the simples t two (and three ) dimensiona l modif ications
of the upper-ocean variability . Specific plans include
study and description of the mixed-laye r, win d-forced
response and the descri ption of the internal wave field
in the upper layers at Ocean Station PAPA . The data
base for this study comes from a vertically densely
ins trumented single point surface mooringof VACM ’s . We

• also plan to study the ocean surface circulation near the
western North Pacif ic Subtropical Front. Surface drogues
will be deployed in this fronta l area . We p lan  to des-
cribe the mesoscale ocean conditions and convergence on
both sides of thi s front .

Over the past two years , we comp leted the study of
the one-dimensiona l models of the seasonal thermocline in
the North Pacific. We showed that the seasonal cycle
of the ve~tica l d istribution of heat at bot~ Ocean Stations
PAPA (150 N, 140 W) and Noven~ber (30°N, 120 W) can beadequa tely described with a sing le , bulk  model for the
ocean m i xed layer and a weakl y diffusive , cont inuous  model
for the seasona l t~ermocl~ ne . The con di t ions a t Ocean
Station Victor (30 N , 120 E), however , cannot be described
wi th the model which app lies so wel l to the eastern North
Pacific . At Victor , the processes which distribute
hea t in the seasonal the~mocl ine are intense. This study
points out tha t the theory of vertical transfer in the
seasonal thermocline is the weakest link in upper ocean
models . A set of 19 day records of temperature and
horizontal velocity field was obta ined from Ocean Station
PAPA dur inq late summer of 1977. Below a surface toroid ,
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twenty VACM 1 s were placed on 3 m intervals from 5 m to
42 m depth and at 7 to 50 m intervals from 42 m to 125 m.
The analysis of these records is presently the principa l
research topic. Initial results show that the principal
temperature variability in the seasonal thermocline is
primarily due to an energetic, semi-diurnal , internal tide
and that the velocity field variability is due to inertial
motions. The internal wave energy does not extend out
to the local thermocline Vais~á I a period , but is sharply
cut off at the deep wa ter Vaisä la period.

We studied the general relationship of the wind-field to
the dynamic topography in the North Atlantic. New dynamic
topography charts of the North Atlantic were published .
Both a Sverdrup regime and a re-circulation regime were
identified. The large-scale , genera l circulation of the
oceans is a long—standing research topic of interest,
and dynamically consistent descriptions of the persistent
ocean circulation were pursued under OFIR sponsorship
for the past 15 years .
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Research in Mesoscale Atmosphere and Ocean Interaction
Ocean Forecasting

J.J . O’Brien , Meteorology Annex , Florida State University
Tallahass ee , Florida 32306 - Telep hon e :  (90 L ~) 64L4 _

~ 58l

L cr ~~-r ang e  Scientif ic Objec t ives

T~ie long-term scientific objectives of this investigator encom-
aas the utilization of numerical models of physically realistic

u~~er ocean circulation to demonstrate our understanding of physi- -
cal processes in the ocean .

~J c j e ct i v e

We wish to discover once and for all in a five-year research
project whether or not we can actually constru~t a useful model of
the circulation of the ocean in a limited region (1000 km square)
on the t ime scales of several days to a few mont is . The project
wil l  sort cut the various basic research problems which need to be
solve~ to integrate with some measureable success a baroclinic
ocean of 1000 km square embedded in a coarse grid (x 200 km) cli-
matological model the size of an ocean basin . At the present time
the project is developing a complete model of the equatorial ocean
circulation to test hypotheses regarding El Nino.

Current Status of Research and Progress

Final coding of the El Nino model is being completed by Kindle .
Camerlengo and O’Brien are finalizing a paper on open boundary con-
ditions to be sent to J. Canp. Phy s .  Three papers with Dennis
Moore on the Gulf of Guinea seasonal upwelling have been completed.
A multi-dimensional model of ocean circulation with emphasis on
bottom-trapped Rossby modes is under development by Suginohara . A
review of errors in ocean models is being prepared .

Major Accomp lishments

~\ linear model on an equatorial 8-plane has been integrated
over a 120 day period in a basin that approximates the tropical At-
laritic ocean . An increase in the westward wind stress of 0.025 N
m’2 in the western Atlantic excites an equatorially trapped Kelvin
wave that propagates eastward along the equator, moves poleward at
the eastern boundary , and produces upwelling throughout the Gulf
of Guinea. Non-linearities are shown to have the effect of ampli-
fying the effects of the Kelvin wave and prolonging t1-’~ upwelling
event . It is shown that local winds cannot account fc..’ the sea-
sonal upwelling in the Gulf of Guinea.
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STUDIES OF MICROSTRUCTURE
Thomas R. Osborn

Institute of Oceanography
Un i versity of Br iti sh Co l um bia

6270 Un i versity Bou l evard
Vancouve r, B.C.
Canada V6T 1W 5
(604) 228 —45 )2

Long—range scientific objectives: To understand the role of
turbulence in determining the circulation and the d i stribution
of s a l t  and heat in the ocean.

Project objec t ives :  T here ar e at present two projects:
( 1 )  Studies of Oceanic Energy D i ss i pa t i on .

The ob ject ive is to r e l a t e  est imates of the energy d i s s i p a t i o n
from our free—fal l measurements of small —scale (1—50 cm) velocit y
fluctuations to the mean fie lds of velocit y and density.
(2) Spatial Sca l es of Oceanic Turbulence .

Three ident i ca l free—fall ing instruments have been used to
collect simu l taneous profiles of temperature and temperature
qrad i ent at varyin g horizontal separations. The objective is to
determine and re l ate the horizonta l and vert i ca l scales .
(3) Distribut i on of Oceanic Turbulence .

Work is be ginning on a simp le disposable instrument for large—
scale oceanic sampling and extensive geographica l coverage .

Current status:
I. Energ y dissipation studies — Three major cruises have been made
with the instrumentation . Results from one are in press , res u l t s
f rom a second are subm i tted and the results from the third are in
p reparation . A new instrument is being bui It to rep l ace the one which
is now worn out. Development of the ve l ocit y probe :s under way to
simplif y construction , improve the respon se characteristics and ease
the calibrat i on procedure. Work is also under way toward explaining
the dynamic response of temperature sensors as well as temperature
sensors heated for anemometry purposes .

2. Spatial sca l es — Data taken by our f ree—fall instruments in
Howe Sound — a loca l fjord — are being analyzed along with STD,
current meter and water bottle samp l es. The analysis is relating
the temperature microstructure to the deep flushing which was also
observed in the basin.

Data collected along the Equatorial Atlantic have been anal yze d
for information about the spatial extent and the relation of the temper-
ature microstructure to the loca l dissipat i on rate. A paper is in
preparation .

Major accomp Ii shments:
1. Development of a useful ve l ocity sensor and support system for
measuring oceanic ve l ocity microstru cture.
2. Measurement of dissipation rates associated with the Atlantic
Equatorial Undercurrent and their relation to the energetics of the
reg i on . 
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3. Mea’,urements of dissipation rates near the Azores which showed
h igh dissipation rates at the base of the thermocline , as w e l l  as
providin g statist ics for the upper 800 m of the ocean.
4. Mea,urements of velocity mic rostructure in a variety of oceanic
environments as a part of the Fine and Microstructure Exper i ment
(F.AJ& E .) .
5. Theoret ica l exp lana t i on  and measurements for thermistor responre
(Deep—sea Research , October 1977).
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AIR-SEA INTERACTION
Dr . Clayton A. Paulson
Oregon State University , Corval l i s ,  OR 9733 1 , Phone : ( 503 )7 54—2528

Long-Range Objective.

To gain a better understanding of physical  processes in the
upper ocean and their relat ion to atmospheric forcing .

Objectives.

To determine the characteristics of temperature and conductivity
fluctuations in the upper ocean and their relation to surface
winds and heat transfer.

To investigate mechanisms of mixing in the upper ocean.

Current Statu.~~ We have completed analys is  of temperature , salinity,
wave height and radiation measurements made from the R/P FLIP. In
cooperation with R. N . Mesecar and the Technical Planning and
Development Group , we constructed a towed thermistor chain system
which was used during the Mixed Layer Experiment (MILE) . We are
currently analyzing the 60 hours of data collected during this
experiment. We will  construct cross—sections of the temperature
f ie ld , compute spectra , investigate the characteristics of internal
waves and e,~ainine mixing processes. We wil l  also use the towed
thermistor chain in the Joint Air—Sea Interact ion Experiment (JASIN)
from mid—August  to mid-September 1978 . Our measurements will be
closely coordinated with those of M. Briscoe of WHOI .

Accomplishments

Evaluated several formulae for es t imat ing radiat ive transfer
over the ocean by comparing them wi th  observations .

Discovered that warm sea-surface temperatures are positively
correlated with the upwind slope of dominant surface gravity
waves and with the steep downwind slope of shorter gravity
waves.

Discovered an increase in the slope from the expected -5/3
of atmospheric temperature spectra at f requencies  just  below
the frequency of the maximum dissipation of temperature fluc-
tuations. The increase in slope occurs at the same non-dimen-
sional wave number as for temperature spectra in the upper
ocean during high winds.
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OCEAN WAVE MEASUREMENT BY ANALYSIS OF RADAR IMAGES OF THE OCEAN
Professor A .M. Peterson (Principa l Investigator) (4 15) 497-3594
Dr. J. F. Veseck y (Associate Investigator) (415) 497-2669

Stanford Center for Radar Astronomy , Stanford University
Durand Buil ding, Stanford , CA 94305

Long-Range Scientific O~j~~tive: Our overall , long-range ob-
jective is to discover and develop radar techniques which can make
mean ingful measurements of waves and currents over large ocean
areas. Further , our intention is to demonstrate each technique as
a useful research tool by applications to current problems inphys-
ical oceanography . These applications are made in collaboration
with the oceanographic commun ity . In pursuit of these goals we
have emp loyed radar wavelengths from centimeters (microwaves) to
over a hundred meters (HF) with platform s on land and sea as well
as aircraft and soon SEASAT-A. Our work has ranged from data col-
lection hardware to data processing and inter pretation .

Obj~ective of this Project: Because they can gather wave dataover large ocean areas at frequent time intervals , radar tech-
niques are well suited to the study of problems in ocean wave gen-
eration , propagation and interaction with coasts and islands. Hi gh
resolu t i o n  (‘i~1Om) synthetic aperture radar (SAR) images of the
ocean surface show great potential for studies involving such phe-
nomena as ocean waves , current gradients , slicks , rainfall and in-
ternal waves . However , quantitative interpretation of SAR images
in terms of ocea n wave directional spectra ‘Y (k ,e) is presently
very limi ted. Our objective here is to i) investigate the basic
radar wave - ocean wave interaction mechanism , ii) develop a mat h-
ematic model of the interaction and , iii) use this knowledge to
construct a nd app ly  al gorithms to quantitatively measure q’ from
SAR images. Applications involve SAR images and surface truth
obtained during the 1977 West Coast Wave Experiment and close col-
laboration with Drs . R.H. Stewart of Scripps and O.H. Shemdin of
JPL .

Current Status of the_Pro!ect: Since this reseach began in
November 1977 , it has become evident that much can be learned re-
garding SAR image interpretation by comparing estimates of ‘1’,
based on very simple assumptions , with surface truth measurements .
Hence our major efforts are now going into software developments
which will allow us to make crude estimates of W g iven a SAR image.
The image digitization process is in hand and the implementation
of a two-dimensional Fourier transform of the digitized image is
now underway using a special purpose FF1 computer. This capabil-
ity wi ll be focussed on the comparison of SAR and surface truth
data obtained during the 1977 West Coast Wave Experiment. Arrange-
ments are being made to obta in SEASAT-A SAR images and surface
truth measurements during the 1978 JASIN experiment off Scotland.
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Office of Naval Research Robert Plnkel (714) 452 -2056
Project Code 481 University of California , San Diego

Marine Physical Laboratory
Scripps Insti tution of Oceanography
San Diego, California 92152

b) Better understanding of mid -scale oceanic processes , in par ticular
the dynamics of the upper ocean internal wave field , is the objective of
this program. The approach has been characterized by ongoing efforts to
construc t open ocean measurement arrays of sufficient size and sensor
density to resolve the spec trum of the motions , as opposed to the more

— general (and ambiguous) practice of fitting parameters of a preconceived
model to a more limited data set. Observations of the energy fluctuations
in spec i fic band s of the internal wave spectrum, in conjunction with wind
and surface wave measurements will be instrumental in pinpointing specific
wave generation and decay mechanisms.

c) To get the necessary array of measurements a Doppler sonar is
being developed . Mounted on FLIP , the sonar transmits high fr equency
(80 -90 k I-lz ) sound in a very na rrow beam. The sound scatters primarily
off zooplankton. From the Doppler shift of the returning sound the re-
lative velocity of the scatterers - and the water they are drifting in - can
be determined . Preliminary tests of the concept using a borrowed sona r
have produced velocity measurements out to a range of 800 m, with 20 m
range resolution and 2 cm/sec rms velocity precision .

A difficulty with the concept Is that the main beam of the sonar ,
approximately 10 wide, insonifies a relatively small volume of water , as
compared to the volume insonified by the side lobes. In order that the
dominant return echo result from the few scatterers in the central lobe
rather than the many in the side lobes, it is vital that the sound level in
the side lobes be very small.

d) A special purpose scattering sonar Is being developed in 1978
which will have a beam pattern much improved from the borrowed prototype.
Tests of the new sonar will be conducted during the summer of 1978 , in
preparation for a major data collection cruise during late 1979 .

e) A power amplifier for the sonar has been developed which is approx-
imately 90% efficient and can run continuously. As the anticipated duty
cycle of the sonar Is 5-1O~~, the power supply system developed for the
first sonar can be used to run subsequent systems also. This results in a
cost reduction of 30 -50% in additional sonars .
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World Ocean C i r cu l at i on : South Argentine Basin , Weddell Sea and Atlantic-
Indian  Basin

Joseph 1. Reid , Professor of Oceanography
Scripps In s t i t u t i o n  of Oceanography, A-030 , La Jo l la , CA 92093
Telephone No. (714) 452-2 055

(b) I l i e  lcn g— range objective is an understanding of the formation and
circulation of the water masses of the world ocean . By this  I mean a
de sc r i p t ion  of the major c irculat ion system of the ent i re  world ocean
that includes the f low at a l l  depths and is in ternal ly  consistent in that
i t  ~s I l l  account at least qua l i ta t ive ly  for the d i s t r ibu t ion  of both the
conserv a t ive  and the non-conservative characteris t ics  at a l l  levels as
consequences of what we know of the surface exchanges of heat and water
and of the wind-driven and thermohaline circulation .

&c) During the next year we propose to investigate the possibility that
the deeper circulation within the Argentine Basin is part of the cyclonic
gyre of the Weddell Sea. We shall measure the water characteristics in
the southern Argentine Basin and between the South Sandwich Islands and
the Mid-Atlantic Ridge, at about 55°S latitude . Current meters will be
deployed in the Argentine Basin. Two or three short north-south lines
across the southern part of the Argentine Basin, with current measure-
ments , should identify the waters as to origin (Weddell Sea Deep Water or
Weddell Sea Bottom Water) and allow some estimate of the intensity of the
geostrophic shear and of the actual speeds. A line of stations from the
South Sandwich Islands to the Mid-Atlantic Ridge should identify the
charac ter i s t ics  of the waters along the western slope of the Mid-Atlantic
Rid ge and of the shear , and allow an estimate of the sense of flow of the
ab yssal  waters there.

(d) We have arrayed the ava ilable hydrograp h ic cast mater ial for the
Anta rctic Ocean (defined for this study as the area south of 40°S) and
prepared from this array maps of the characteristics of the deeper
Antarctic waters and their flow . The work at sea in November-December
l9~8 w ill comp lete the maps in the area of the South Argen tine Basin and
allow the analysis to proceed.

(e) Resul ts  stemming from this grant wi thin  this year include a mid-
depth circulat ion pattern in the North At lantic and North Pacific oceans
that  is quite different  from the pattern generally supposed . At 1000 m
in the At l an t i c  (Reid , submitted) the Gulf Stream-North Atlant ic  Curren t
is seen to extend eastward all across the Atlantic with a return f lo w
westward jus t  to the south of the Gulf Stream. Near 30°N 75°W this
return f low turns southward and then eastward along about 25 °N a l l  across
the Atlantic . The great wedge of saline water from the Mediterranean out-
flow is seen to extend westward with the return flow , from the Bay of
Biscay to the Sargasso Sea. A similar pattern of flow is seen in the
Pacific Ocean (Reid and Mantyla, submitted).

Other results include a study of the relation of the pattern of sound
speed to the general circulation of the ocean (Reid , 1977) and a study of
the characteristics of the abyssal water within the Marianas Trench
(Plantyla and Reid , in press).
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Rober t 0. Reid
Department of Oceanograp hy
Texas MM Universi ty
College Station , TX 77843
713/845-1443

Long-range objectives

1. To achieve an understanding of the basic mechanisms which
control the evolution of transient planetary and mesoscale
phenomena in the sea.

2. To develop simple yet physically realistic models for simu-
lat ing these phenomena in a quasi-determinist ic and/or
stochastic sense.

Present obj ectives

1. To investigate the dynamics of cyclonic and anticyclonic
rings including spin-down , translation, topographic inter-
action , and ring-ring interaction , employing numerical
modelling techniques.

2. To rela te the results of parametric model studies to observed
- 

. 
behavior of rings .

3. To investigate the spawning mechanism of rings from the
parent current, employing modelling techniques.

Status of research

Studies completed or underway during the last two years include:

1. Frictionally-induced meridional circulation in an axially
symmetric ring (M.S. thesis by P. Farrar).

2. Parametric study of the dependence of ring spin-down and
translation speed on ring scale and ring intensity based upon a
non-linear , two-layer numerical model with allowance for disper-
sive Rossby waves (a dissertation study by D. Smith still in
progress).

3. Development of a depth parameterized numerical model to be
employed in studies of the influence of topography on rings and
in the stability of mean during currents (in progress).
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a. Western-Boundary Undercurrent, Peter B. Rhines, Woods Hole
Oceanographic Institution , Woods Hole, Mass. 02543, Tel. 548—
1400, Ext. 547.

b. The long-range objective of the principal investigator is to
help develop a consistent , modern picture of the dy n amics of ocean
circulation and of transient ocean currents. His methods involve
theory, ni.unerical simulation , and recently ,  ocean experiments .

c. This j roject is meant  to be a thorough observational program
dt~scribing the abyssal circulation along one segment of the western
boundary of the N .  Atlant ic .  Direct current measurements , as well
as hydrographic , geochemical , optical , and radio—chemical signatures
are being ut i l i zed.

d . The experiment is nearing completion. In May 78 the cur rent
meter array will be recovered , and the last of four hydrographic
programs carried out. Theoretical work on a new mechanism of
drivi r.~ abyssal flow is complete.

e .  Preliminary geochemical and hydrographic sections show clearly
the far-northern origins of abyssal water , banked up against the
Blak e Outer Ridge at 30°N. Related theoretical work suggests that
upper-ocean eddies, both nearby and far to the north and east , may
be the prime motive force for this current (the classical descript-
ion invokes, instead, the thermohaline circulation).
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CYCI.ON IC GULF STRENI RINGS
P h i l i p L. Richardson
Wood s hole Oceanographic Institut ion
Woods h o l e , MA 0254
(t ~ 17) ~4 th — 1400 ,

The long r ange obje c t ive  is to measure  f e at u r e s  of the general
•e m  ci  rcu la t  ion in  an at tempt to descr i be and under  st and them .

The pr inc ipa  I focus has been on the t r a n s p o r t  and ve loc i ty  st ruc—
ture of t he Gul f  Stream and deep Western Boundary Undercurrent
(R ich a rdson , 1977) . A recent study consists  of an inves t iga t ion
~ t G u l f  Stream rings and their  importance to the  qeneral
~ r cu l at  ion .

The objec t  iv i’ of the Gul f  Stream i - j u g  expel m ont is  t o  describe
the  d i s t r i b u t i o n , movement and decay of r i n gs  i n  the Sarqasso Sea .
The approach has been to use f i e ld  exp er iments  as w e l l  as h i s t o r —
ic. il  da ta .  One r ing was followed for  over a year by means of a
v ar i e t y  of t echni ques and its decay r at e  e st ab l i s he d  (Cheney and
R i c h a r d s o n , 1976) . An ana lys is  of ~)O ,OO0 t emperature records
o b t ij n e d  from NODC and Fleet Numer ica l  Weather Central  ( 1970—76 )
p lus other sources was used to es tabl ish 2~ r i n g  t ime  series
p 1w; 2h individua l ring observations (La l and Richardson , 1977).
Approximatel y 11 cyclonic rings were found to exist at one time
and the y typically moved southwestward and coalesced with the
Gulf Stream off Florida . During a four—month period i n  1975 suf—
icient data were obtained so tha t  we were able to make a quasi—

sy n o p t i c  map of the distribution of rings (ti i t s;  census)  i n  the
we s tern  N o r t h  A t l a n t i c  (Richardson , Cheney , and W o r t h i n g t o n , sub—
in i t  ted) . South of the Stream we found n ine  cyc I o n i c  rings and
north of the Stream , three a n t i c yc lo n i c  r i n g s .

I )u r i ng  l 9 7h — 7 7  I par t ic ipated in an i n t e r d i s c i p l i na ry  Gu l f
St ream r i n g  exper uncut w i t h  several other i n v e s t ig at o r s .  We
measured the t ime evolution of two cyclonic rinqs using satellite-
t racked t r e e- d r i f t i n g  buoys and a s er i e s  of c ru i ses .  The move-
ment of r i n g s  is complicated and a})pearr ; to be re la ted to the
~;u li  St team , othe r r ings and Strong topograp hic  fea tu res  such as
t he  I t l ak e  1-:scarpment , and Blake—B ahama Outer Ridge and the New
F~nq l~ind Sea Mount Chain.  The usual f a te  of r i ngs  was to co—
alesce with the Gulf Stream and one of t h e  f o l l o w i ng  three t h ings
seemed to happen: 1) the r ing turned into  an open meander of the
Stream and was lost , 2) the r i n q  was advected r ap i d l y  ( wi t h
speeds up to 75 cm/sec) downstream in  the Stream and was pre-
sumably  los t , 1) the r i n g  became at t , i chc * 1  to the Gulf Stream
and then s p l i t  o f f  aga in  as a m o d i f ied  r j og . I-vidence suqqests
that a r i n g  sp l i t  in to  two p ieces and t h at  t w o  separate r i n g s
col l i ded .
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Project Ti t le:  DYNAM ICS OF OCEANIC MOTIONS

Princ i pa l Investiga tor: Professor Allan R. Robinson , Pierce Hall ,
Harvard University , Cambridge , Mass. 02138, (617) 495-2819

Overall Scientific Objectives: Research on dynamical and energetic
processes in the sea; theory of ocean currents and genera l ocean
circulation , of low frequency mesoscale phenomena (eddies) and in-
teractions , niesoscale resolution numerical models including process
and forecasting studies, design and analysis of field experiments.

Project Obi~ct iv es : I. Theoretical studies of mesoscale low frequency
variability of the qpen ocean of intense currents and the mid lati-
tude 9~~~ral circulation including : studies related to the inter-
pretation , interconiparison and verification of EGCM results; and the
t rans ien t  forc ing of mid-ocean interior via both transient winds and
Gulf Stream meander induced pressure fluctuations , II. Regional mod-
e l i i~~~çfq~iasigeostrophic motions: with application to open ocean
eddies including forecast experiments related to MODE and POLYMODE
observations; and to intense current systems including mixed baro-
tropic and baroc linic finite ampl i tude jet instability studies (re-
lated both to Gulf-Stream data and Gulf-Stream forecast experiments ,
and to the physical and oceanic interpretation of EGCM results), and
III. Addit ional topics in  process and regional  dynamics .

S~a i ~_a~~~~çpjiiplishments: I. Theory of Eddies , Currents and the
Genera l Ocean Circulation: A major numerical experiment (the firs t
primitive equation , multi level, wind and thermally forced eddy re-
solving mode l calculation) has been completed and analyzed in depth,
both kinematically and dynamically by novel methods for treating
open regions of turbulent flow (Robinson et. al. 1977, Harrison and
Robinson 1978). Studies of the i) parameterization of eddy effects on
the mean , and ii) the analytical theory of the process of eddy energy
propagation from the strong current generation region to the open
ocean iii) ocean data! dynamical scale analysis implications of the
role of eddies in the general circulation , and iv) an overall review
of EGCM modelling are (nearly) completed . G. Flierl (1977) has pub-
lished his theory of Gulf Stream ring dynamics; P. Mueller will in-
it iate analytica l studies of eddy-eddy and eddy-mean field interaction.
II. Regional Quasigeostrophic Modelj:~~~ A major study of the accuracy,
stability and efficiency of three numerical models (finite difference ,
finite element and pseudospectral applied to open ocean test problems
including frictional and filtering studies has been concluded and a
Report widely distributed . Results indicate the feasibility of sci-
entific appl i cation . A barotropic hincasting experiment , involving
an open numerical model embedded in a larger numerical model forced
with simulated MODE-I data and including boundary conditions and sen-
sitivity studies is presently underway . III. Topics under study
are mixed-layer coupling to quasigeostr oph-i c motions and interna l wave
dissipation mechanism s.
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OCEANIC FRONTS OF ThE CENTRAL PACIFIC OCEAN

Gunnar I. Roden

Department of Oceanography, University of Waah.ington, S att le ,
Washington , 98195. Telephone : (206) 51+3-5627

The long range scientific objectives are the understanding
of the frontogenetic and trontolytic processes in the ocean
and the prediction of fronts • Prediction of the intensification
and motion of fronts are important to the Navy , because (1) the
thermohaflne characteristics of the frontal. zone are importa nt
for sound transmission; (2) frontal zones are often regions of
minimum stability favorable for the development of turbulence;
(~) storm s often form and travel along oceanic fronts]. ~on.es;
and ( 1+) fronts are regions of l~i.rge velocity gradients.

Th. objective of th , project are the understanding of the
d)mamics of fronts , both st the sea surface and at subsurface
depths and of the atmospheric forcing of fronts. This includ*a
numerical estimation of rates at which front . intensity and
weaken.

Research during the calendar years 1977-1978 d alt with the
dynamics of’ the subarctic and subtropics]. fronts in the central
Pacific. Several tasks were acccmçlished. The dynamics and
structure of the subarctic front was successtu ].ly linked to
atmospheric forcing (Roden , 1977). Rosaby wave type perturbations
of dynamic height , which are related to the appe ar ance of re-
gular ly spaced subsur fac e fronts , wore found to be ca~~~n in the
Nort h Pacific ; typical wavelength s are 1400 k~ and the amplitudes
decrea se by a factor of three upon proceeding frcza the western
to the eastern Pacific (Rad on , 1977). A numerical model to
pr edict the ra tes and patterns of fron togene sis expected frc
wind forcin g was developed and tested in the subtropical Pacifi c.
The modal utilizes satellite sea surfac e tamp erat ures and surface
meteorological data as input (Rode n and Pa skau sky , in press).

The Chapman Conference on Oceanic Front s was convened by
Roden and P~g oer a in New Orleans , La. , 10 -11+ October 1977. There
were 175 participants , with many frc~n abroad , to discuss the
present state of knowledge on oceani c and atmos pheric fronts , and
future needs • The proceedi ngs f’roai this conference will be publi-
shed in a special iaeue of the Journal of Geophysical Resear ch.
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FRONTAl. DYNAfl 1 CS ON SEASONAl. 1 1 Ml~ SCALES

(I’ ions l ) YN ~W ICS i)1-’ SEASONAL VAR I AB I L  I l’Y

Pro t t s s o  C I . tes C H Root h
C i i i v e r s i t v  ~~ ~lia nii
Schoo l o t ~ a r i ni.’ and Atmosphe n t - Sc i enc t 5  

—
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. t P )  !Uckenbacker Caust~wav ,
‘1 ia ~ i FL 31 _~o)

Off ice Phone  (305 )  350 73 55

l o n g  r an t ’ s c i en t _i h c t iv e  of i n v e st ~j~~t o r .  To d ev e l o p  the
;I p P l  ic.It ion of f u n d a m e n t a l  p r i n c i p l e s  in  f l u i d  me~;hanics to  s p e c i f ic
p rob I ems in t i p p e r  ocean d v n am  i cs wh i cit ar e  re I evan t to  ci i mat e p r o b l e m s ,
a nd t o  t -~-o l o g i t - a I  as w e l l  as a c o u s ti c a l  ap p l i c a ti o ns .

P r o j e c t  obj_ect ive s .  To d e v e l o p  the  titeo ret ical under standing ot ocean ic
r e s g o n s L  to t r a n s ien t  forcing which would al l ow a cons i s t e n t  d y n a m i c
d agnos is  of t h e  unp e r  th e rmoc  l ine  response to t h e  sea sonal  t ime sca le
v a r i a t i o n s  of wind stress and thermohaline forcing as ohserved , e .g .  in
GATE B and C scales , i.e. on scales of tens to hundreds of m i l e s .

Current ~~~ j~~c~~~~~~ tu s .  While the objective of u n d e r t a k i n g  d e t a i l e d
d iagn os t  ics of GATE B — s c a l e  d a t a  has been f r u s t r a t e d  up to  now due to
t h e  s t l t c  of the data base , several a d v a n ce s  in a n a l  vs is a p p r o a c h e s
h a v e  been made.  The p r i n c i p a l inves t  iga t or is  p a r t  i c i  pat lug as inv i  ted
s p t a k c  r in  a GATE workshop at K ie I , Germ ans- , in  v t h i s  y e a r , on t he
has is  of t h i s  work .  ~la jor  e f f o r t  in the  c u r r e n t  y e a r  is devo ted  to
r r c p ar a t  ion f o r  puh i  i ca t i on  of earlier results. A two—dimensional densi—

v ce5 ’rdinate model for diagnostic and dynamic arni lvsi s of baroc 1 i n ic
frontal adjustment is being implemented as a PhD thesis project by a

— 
~radtia te student , ~r E Chien Foo.

~~aj o r_~~~ comp i_i s hme n t s .  The m a j o r  accomp I i sh m e n t  t o  d a t e  in t h i s
p r o  j e c t  ha s  been t o  d e v e l o p  a c o n s i s t e n t  d e n s i ty  c o o r d i n a t e  based
app roach to the-’~~ -zN vs is of t r a n s i e n t  ocean dynamics. l”or t he  case
of negligibl e interior friction , th is allows t he  e x t e n s i o n  of e a r l i er
results in  l i near  ocean d y n a m i c s  to response amp i i t  tides much gr c I t e r
in  h e i g h t  d i s p l acemen t  t h a n  the  c h a r a c t e r i s t i c  scale of s t a b  i i i  t v
variations. As an i m p o r t a n t  b y p r o d u c t , a p o w e r f u l  wa~ of d e a l i n g
with t h e  inf luence of bot torn f r i c t i o n  and s u r f a c e  f o re  lug  on t h e
steady and t i m e  d e p e n d e n t  s t r u c t u r e s  in a n o n — u n i f o r m l y  s t r a t i f i e d
o c e an .  N o st  i n t o  i t  ly e  l v  s t r i k i n g  is the  a l r e a dy  l a s t  ~‘ear r epo r t ed
res t i  I t  t h a t  i ncre asdt ’  h ot  torn fri c t ion may in  f a c t  l ead  t o  dec reased

r f r ic  t inn a 1 d a m p i n g  of some p lanet any wav e modes , a 1 onig wit in a pronounced
c h an g e  i n  the moda l structure f o r  t ine  v t - r t  i t a l  displacement of d e n s i —
t v s u r fa ce s
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1. (a) SOFAR FLOAT PROGRAM

(b) Thomas Rossby/Donald Dorson
Graduate School of Oceanography
University of Rhode Island
Kings ton , RI 02881
Telephone No. (401) 792—6124

2. To study the kinematics and dynamics of oceanic motion on
different length— and time scales.

3. To provide engineering , technical. and communications support
to the University of Rhode Island/Woods Hole Oceanographic
Institution SOFAR float tracking program , the primary support
of which comes from IDOE/NSF.

4. The redesign and implementation of the new SOPAR float sig-
nalling system and its concomitant technology has been com-
pleted and is now operational. We are presently installing
micro—computer based signal processors and printers so that
real—time float relocation and recovery operations can be
expedited .

5. During the last two years of float experimentation we have
made several significant observations. The first is that
there is now rather solid evidence for eastward flow in the
main thermocline between at least 24°N (floats) and 28°N
(moored current meters). This appears to be in conflict
with some of the classical hydrographic surveys of the western
North Atlantic. Second ly, an anticyclonic eddy that was ob—
served just off Grand Turk Island , was found to contain a
significant amount of Mediterranean water . This was established
through its ‘I/S properties. It was later found to contain an
excess of 02 and Titrium , both of which suggest recent at-
mospheric exposure . Several papers of our recent research
are either in preparation or have been submitted to various
journals for  publication .

V-97 



OCEAN IC VAR IABI LITY AND DYNA M ICS

Thoma s B. Sanford
Woods Hole Oceanographic In s t i t u t i on
Woods Hole , MA 02543
(6 17) 548—1400 , X549

The long-range s c i en t i f i c  objective of my research is to
understand better the proper ties of ocean currents  and waves ,
particularly the vertical structure of the velocity and density
fields . We are studying low-frequency , mid-ocean eddies , the in-
f luence of the ocean bottom on currents , and the qeneration of
internal waves and microstructure . Our principal observational
tool has been the electromagnetic velocity profiler (EMVP) de-
veloped under this project. A subsidiary long term goal is to
exploit this technique to the point that it can have more wide-
spread use.

The principal effort in 1977-1978 is devoted to the analysis
and publication of observations collected in the multi-
investigator study made in 1975 of fine— and microstructure in
temperature and velocity and its relationship to larger-scale
var iability . We have found high levels of finestructure vari-
abili ty resulting from ocean eddies colliding wi th the island .
Analyses of the rnicrostructure observations are underway wi th
Gregg and Gargett for the regions around Bermuda , in an open
ocean mixed layer and within the Gulf Stream. A background , but
active project is producing a summary atlas of all our velocity
prof i l es as a f i r s t step toward a uni f ied  descr ipt ion of resul ts.

The major accomplishments in 1977—1978 are:

1. An extensive description has been published by Hogg ,
Katz , and Sanford (1978) of the existence and spatial structure
on entranced fine—scale variability (vertical scales larger than
1 m) generated around Bermuda.

2. A comprehensive description of the design and perform-
ance of our profiler has been published (Sanford , Drever , and
Dunlap , 1978).

3. A new generation profiler , one which is expendable , has
been designed and is now being tested . As of yet , acceptable
per formance for this probe is limited to the upper 100 m , but the
present design should remove this restriction and allow opera-
t ion to 750 m.

4. A paper has been published (Sanford , 1977) on transport
measurements by elect romagnetic induction on a narrow marsh
d r ainage channel.  Analysis  continues on submarine cable data
across the Florida Current.
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Low—Frequency Large-Scale Ocean Circulation

William J. Schmitz, Jr.

Woods Hole Oceanographic Institution

Woods Hole MA 02543

617—548—1400 ext. 541

The principal aim of this project and of the principa l in-
vestigator is to describe the properties of the low-frequency
large-scale ocean circulation, with particular emphasis on the
relation between eddies and mean flow.

Several exploratory long-term deployments of arrays of
moored instruments in the North Atlantic have been completed in
the past few years. Recent results have been published by
Schmitz (1976a , 1976b , 1977 , 1978) and NcCartney , Worthington and
Schmitz (1978) . Continued analysis of the data base is in progress.

Major accomplishments are : (a) Eddy kinetic energy
levels have been shown to vary by orders of magnitude and to
be related to the pattern of the general ocean circulation.
Spatial coincidence of energetic eddies with the model equi-
valent Gulf Stream/Recirculation Regime is a basic property of
eddy-resolving gyre scale numerical models. (b) The vertical
distribution of has been shown to be weakly depth dependent
near the Gulf Stream along 55°W. In sharp contrast, the eddy
field is essentially trapped to thermocline depths and above in
the interior of the subtropical gyre. This type of dependence of
vertical structure on energy level is one of the basic properties
of local numerical models. Cc) Spectral shape has also been
found to be spatially inl~omogeneous; with the largest contri-
bution by the temporal mesoscale (periods less than 100 days) in
the thermocline near the Gulf Stream and by longer time scales in
the thermocline towards the interior of the subtropical gyre.
Spectral shape is generally dominated by the temporal mesoscale
at depths well below the therniocline. The normalized vertical
structure for the temporal mesoscale (only) is remarkably
geographically homogeneous.
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Cu r r e n t s  in the Charlie-Gibbs Fracture Zone (CGFZ)

W i l l i a m  J . Schniitz , J r . ,  and Nelson G. Hoqq

Woods Hole  Oceanographic I n s t it u t i o n

Woods Hole MA 0 25 4 3

617—548— 1400 ext . 541 and 525

This pro jec t  was an element of our cont inu ing  in teres t  in the
pr o p er t i e s  of abyssa l f low and the n a t u re  of the i n f l uen c e  of bot—
t - ~~i~ top ography on cur ren ts .  Physical  processes involved in the
met ior ~ of deep water and i t s  coupl inq  to regions f u r t h e r  up in the
wat er  column are inadequately observed and poorly understood .

- Three moorings were set in CGF~~~ in 1975 as a pilot experiment
t o  s tudy ver t i ca l  and horizontal  v ar i a t i ons in the properties of
the  mean and f l u c t u a t i o n s  in the v i c i n i t y  of th is  opening in the
M i d - At l an t i c  Ridge through which bottom water  from the Norwegian
~ea is known to be f lowing.  The moorings were recovered in  l97t ~
after a nine-month exposure . This project was part of a cooper-
at ivo investigation involving Marine Geologists , Chemists , and
Ph ys~~-al Oceanographers at the Woods Hole Oceanographic In s t i t u t ion
and the Scripps Institution of Oceanography. A manuscript on the
mean flow and its Geological/Geochemical implications has been
prepared  by Shor, Holl iste r , Lonsdale and Spencer . A manuscript
describing the characteristics of the low-frequency variability
has been prepared by Schmitz and Hogg. We arc also attempting to
model the observations in terms of low frequency wave dynamics in
a topographic regime simplified to retain the essentials of
features of CGFZ and expect that this work will result in a manu-
script in the near future. This particular pro ject will end at
the termination of present contract year , although as noted above,
we have a continuing interest in abyssal flow.

The principal results of this investigation are : (a) A
comparatively energetic deep eddy field was found , roughly twice
as energetic as in the MODE-I area. The eddy field is two to six
times as energetic as the mean field. (b) The vertical distri-
but ion of eddy kinetic energy was observed to be frequency depen-
dent , increasing upward toward the thermocline for the longer
t i m e  scales , and intensifying toward the bottom at shorter time
scales.
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A n a X s o f mid:oceafl i~~~~~~tiofl

Friedrich Schott Tel ( 3o5 ) 35o—7566
R.S.M.A.S.

46ooRickenbacker Causeway

—

I 

Miami , Florida 33149  

stlga tor
Determine ocean mean and fluctuative currents in terms of
model f i t s.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Applicability of beta spiral concept for mid-ocean circulation
calculations .

It has been shown (in cooperation with H.  S t o m m e l , M . I . T . )
that it is possible to calculate absolute currents fro m
stratification data alone , using the assumptions of
geostrophy , linear vorticity conservation and density
conservation .
By this method , absolute profi les of horizontal and vertical
currents were calculated from hydroqraphic sections out of
the North Atlantic , the South Atlantic and the Pacif ic .
The calculated downwelling velocity at the bottom of the
Ekman layer in the central North Atlantic gyre fitted well
with that calculated by other authors fr om the wind stress
distribution .
In some areas there was a depth tendency observed in the
results for the absolute currents at reference depth , the
absosute currents came out smaller for deeper depth ranges
of the stratification data than for shallow ranges .
At present different possibilities for that depth tendency
are studied in order to implore the applicability of that
method further.

~!!i2L ~cc2J!~~ ~
A simple method has been devised to determine the components
of mid-ocean circulation from available hydro graphic data.
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Currents at ocean boundaries

Friedrich Schot t Tel (3o5)35o-7566

R .S.M.A.S.

46oo Ri ckenbacker Causeway
Miami , Florida 33149

Determine ocean mean and fluctuative currents in terms of
model fits.

Determine the nature of low-frequency oscillations of
boundary currents .

Data from a moored array in an eastern boundary current , the
Norwegian Current , had shown strong fluctuations of a few day s
period, and a subsequent analytical model calculation had
suggested that the cause of these fluctuations might be
baroclinic instability . At present the ene rgy interaction
terms between mean and fluctuative motions are being calculated
from the measurements , and these calculations confirm the
theoretical prediction .
A highly interesting but rather unknown western boundary
curren t, the Somali Current , is being studied by moored current
meter stations in a joint effort of R.S.M.A.S . and I.f .M . Kiel ,
Germany . ~he onse~ situation in the source region of the S.C.,between 2 S and 4 S 0 was explored from measurements in 1976.
These data also showed strong fluctuations in the period range
of some days which remain to be studied .
In 1917/78 moored stations were out off Somalia, between 4 N
and 7 N,to investigate the hypothesis that the S.C. might
consist of two big eddies instead of a single current flowing
along the coast.
The moored station work will be carried through to the
international Somali Current experiment during FGGE in 1979 .

— 

Long-term recordings of Somali Current fluctuations .
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The Dynamics of Cyclonic Gulf Stream Rings

Dr. Thomas W. Spence
Department of Oceanography
Texas A&M University
College Station, TX 77843
713/845—1546

Long-range Scientifi c Obje ctives:
1. To increase our understanding of meso-scale phenomena

by observations , analysis , and theoretical modeling
2. To assess the importance of meso-sca le phenomena on

the variability of the larger oceanic circulation

Project Objective :
To interpret cyclonic ring observations in terms of
simple dynami cal ideas so the evolution of the rings
may be described .

Current Status:
Preliminary estimates of ring structure have been corn-
pleted and a statistical data reduction scheme developed .
Nine XBT star arrays have been obtained and comparisons
of the rings at different times begun

Major Accomplishments:

1. Documentation of life cycle of a cyclonic ring by
observing Its trajectory, structure during its
motion to the west and its final absorption by the
Gul f Stream.

2. Development of quantitative techniques for comparing
the ring at different times to assess the rates of
change of energy and other properties.
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TIFIE-DEPENDENT STRATIFIED FLOW OVER SLOPING BOTTOM TOPOGRAPHY NR—083-213

Principal Investigator: ?-Iichael Spi l lane
Nova Un i vers ity
Ocean Sciences Center
8000 North Ocean Dr i ve
Dania , Flo r i da 33004
(305) 587-6660 ext. 290

The cent ral task i n this proposal is a descri pt i on of the baroc lin i c
motion induced by the barotropic surface tide in the vicinity of an
island surrounded by a sloping shelf region . Are stratified edge
waves , w h i c h  propaga te along closed depth contours , forced nea r
resonance by the sem i—d iurnal tide?

In the original nroposal , three coas tal qeometrics were to be con-
sidered—i) a stra i ght coast 2) a stra i ght channel 3) a circular
island . Because the character of the trapped modes associated with
these qeometrics are so different , the work ~-,i ll focus on the island
georietry , which is most relevant to the observations of Brooks.

Lonquet-Hig gins considered high frequency (~ 
-
‘ f ) wave notions

around t lacq uar ie is land us ing  a baro t rop ic model . He showed that
no truely trapped m odes exist around an island . The term tr~pped
is usually associated wi th the exponential decay of the wave ampl i-
tude wi th distance from the coast. With circular geometry, the
c ig enfre quenc i es , are complex and energy leaks from the motion
f ield nea r the island to the open ocean. Because the damping (in
time ) can be small for some modes , the waves are virtuall y trapped
to the island. The “leakiness ’1 of these modes allows an exchan ge
of energy in both directions (into and away from the island), and
provides a simp le mechanism for directly exciting the free modes
with an externa l energy source ( the tides).

The hi gh frequency, barotropic results of Longuet—Higqins are re-
lated to the two layer motions to be model led .

For an island wi th circular geometry and unit radius , r=l , the shelf
depth in the region around the island from r=l to r=r0, is given by

1 - h(r) = \ [ ( r_ r o) / ( l_ r o) l m, 0 ~~A < 1 , 0 < m
By fixing ~~, the shelf depth at the island , and r0 the s h e l f  w i d t h ,
m can be varied continuously from the step-shelf mode (m=0) to the
un i form depth mode (m ~~~ The latter topographies can be treated
analytically and will provide a starting point and accuracy check
to the numerical calculations when m is arbitrary . The dependence
of the wave ampl i tudes and the eigen frequencies on ( \ , r0, m) can
be efficiently determi ned wi th this scheme. The resolution of the
vertica l distribution of energy is a principal goa l of this analysis;
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the effect of the bottom slope on the wave amplit -jdes forced by
the tides in the bottom layer is expected to be substantial.

The preli Minary analysis by Brooks on the transport data taken in
the St. Lucia Passa ge shows ~he most intense fl uctuations on the
north side of the passage near Martinique . These results are con-
sistent with the ideas that resonantly forced , stratified edge
waves are propagating around Martinique , and not St. Lucia.

I expect to complete the calculations for the isolated island geo-
metry this surner. With these results , a more comp le x model of the
tidally induced currents in the passage between adjacent islands
coul d be analyzed. The presence of another island may be signifi-
cant s ince  the wave trapping for these island geometries is im—
perfect (the “ leak i ness ” of the free modes). Another aspect of
the prob lem tha t is potentiall y importan t i s t he ef fec t of coastal
asymmetry. Weak asymetries in coastal qeometry , allow ener gy to
be exc hanged between the norma l modes. Therefore , the resonant l y
forced stratified waves which propagate anticyc lonically around a
c i rcular islan d may exchan ge ener gy wi th the weak cyc lonic icall y propa-
gating waves which are not directly force d at resonance.

A field study of the waves propaqatin q around Martinique could be
accomplished using three sensors (current meters or thermistors )
located approximately 1 200 aoart  around the island. Phase  com-
parisons between sensors would allow one to determine the phase
speeds of the propagating waves. i~elson Hoqg of Woo ds Hole is
using this approach to investiga te the low frequency motion around
Bermuda .
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C r I iT .; I r v ~t i r u t  ion of Oceanography

i Co ’~1a , ‘ri. ~~~~~
(7~~~~

) ’-i

y-; ~~~~ —~~~1n~’ . -  d ~~~
- -

~~ lye  ~s l o  ~i - ; ~ - r a d i )  w iv’ . of b o t h  c e n t i m e ter
b -  i:- o t~~~i w,jv~- I~ n~- ’h - , to o~ nerve ocea i i l  v a r i d  len d i f f i c u l t  to

- - -n~~r~~- v - - i -°: c a  1 t - hn now .
- n- c : • ’ or ’  r i l  I o w~ v~~s a r - r ’~ cn u ~. r t ly scat t ored by typ ical

- - 0 w i -;~ s , c l  ire uo .’I to measure precisely their  amplitude , wave-
v loc~~t v , inC i~ r e ct i O n  of travel. Wor k i n g  w i t h  colleagues

-
~~~ C’ c~~urd l j n i v r o i t v , we have used scattered LORA fl-.~ s ignals  reoor d ’ d

i v ~-otu ri Island to measure the growth and decay of 7-second ocean
w i v e s . .~e F i n I  that the rate of wave growth varies as the cosine of
t b .  o l e  to  the wind , and that wave decay is much weaker than wave
‘ p — s , . --C~~-n the wind suddenly reverses , as f o l low i ng passage of d

0)05t h of new waves going with the wind must wait for the old
w ivoc to d~ o down .

i n  jnothor joint experiment with Stanford , this one at Pescadoro

~ L~~t~ rn~ a t h i s  January , we used decameter signals to measure ocean
- n r f - i’~ curr- - t t s .nd ‘P.  ocean wave d i r e c t i o n a l  spect rum during
v r ~ .-C w i n d  an d wav e c o n di t i o n s .  At the  same t i m e  t he current was
- i l n a  - ur -C Cv dr i ft i n o buoys , and the  wave spectrum was ob served
w~~t h  a i t c h — r o l l  buoy . l~v compar ing  these measurements we expect
to  1 t t . r ~~i re t h e  iC~~l i t v  of the radar to measure the directional
c~- ectrum of w i v o w , to  calculate the relative importance of w i n d  and
w ives in  p r o d u e in g  su r face  curren ts, and to determine the ability of
r h . ’ t a P i r  t o  re i c i l r e  we ak  surface  currents .  S i m i l a r  but  more

-:‘ ir,r. h,nsive . -> n - e r i m e n t s  w i l l  he done t h i s  sumner  as part  of the
I i n ” .- internat ional experiment JASIN in the A t l a n t i c  off the coast
a’ Sootlilit i.

‘ - n t  H . - t . r  wavelenc ’th radio measurements form the basis of a
n w  n - i ’ clii’ .’ f~ r ol-nervinc the oceans , S [ACAT-A , due to be launched
in  M i ’; I ‘7~~. To evaluate the status of these radio measurements , I
hel~~e I o r g - m n i o . ’ Co l loqu i um on Radio Oceanography held at Hambur g
in Oc~ oC’ r 1 - “ , and edited the papers presented there . These will
he z - i C  ishod i n  a -n ec i i i  issue of Boundary Layer Meteorology .

T h i s  s -im-r I expect to participate in two experiments to
oh - i n .  t o r i :. - • i ’  performance of he satellite instruments with the
e v ’ - n t u o l  f o i L  of u s i r i c  the  satell ite to study the sea. The first will
e s t i O i t o  t h e  - h - i l i t v  of the  Synthetic—A perture Radar to image ocean
waves Cv - er- i t - i n c  st ootra calculated from the images produced by
t h e  r i l i r  w i t h  wave sp e c t r a  measured by wave buoys . The second will
o c t  i r a t e  the  ab il i t y of the Oc i n n i n g  Multifrequencv Microwave Radio-

to  ~r e i s ur - e rainfall by comparing rainfall oct imates from
a irhor-ri. ’ instruments wi t h rainfall calculated from the satellite
ob-o rv it Ions. i~oth experiments will he part of t h e  much larger
JAS 1 t. hsi- niment .
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GALVESTON ISLAND EXPERIM ENT
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WAVE PROPAGATION DIRECTION (DEGREES TRUE )

Galveston Island Experiment . (above ) Typ ical angular and spatial resolution ,
drawn to scale, of radar observations of wave growth. (below) Fractional

rate of wave growth per period of 7-second waves under the influence of 10 m/s
winds from the northwest, 340°T. The smooth curve, O.00L414 cosine (degrees
true _1590), is the least-squares fit of a cosine to the data.
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MAPPING THE HORIZONTAL STRUCTURE OF NEAR-SURFACE CURRENTS
DURING THE POLYMODE LOCAL DYNAMiCS EXPERIMENT

Henry M. Stomme l
Lloyd Regier

Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

Phone: 617/253—5936

Long Range Objectives of Principal Investigator: An understanding
of the dominant physical processes governing the large scale oceanic
circulation .

Objectives of the Project:

1. Compare the horizontal structure of near surface (shallower
than lOOm) and deep velocity fields of a mesoscale eddy .

2. Examine the degree to which structure of the surface layer and
deep edd y are coherent.

3. Obtain a basic data set to aid the design of experiments to
stud y the dynamics of eddy—surface layer interactions.

Current Status of the Project: Preparing to go to sea in May of
1978.
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Studies of Ocean Circulation

Wilton Sturges

Department of Oceanography
Florida State University

Tallahassee , Florida 32 306
Telephone : 904/644/6700

The long range objectives of this work are to
understand several features of ocean circulation as
they are evidenced by analysis of observations . The
objective of this project is to understand the time-
dependent circulation in the Gulf of Mexico; this
small but conveniently-located ocean seems to exhibit
a t ime-vary ing  western boundary current  and has a
Sverdrup-like interior driven by the curl of the wind
s t ress .  The program has been made more interesting by
the presence of large rings (pinched off from the Loop
Cur ren t)  which seem to be analogous to those in the
Gulf  Stream system ,. Nr . Blaha has found  clear
var ia t ions  in the baroclinic si gn al ac ross th i s  curr ent
a f t e r  it has left the coast. The minimum baroclinic
signal is in October (± 1 month). The fluctuations
seem to be coherent with the large-scale wind-curl
forcing . With Mr. Brady Elliott (of Texas MM ) we are
comparing two available wind data sets; a time series ,
computed from a 30 grid of surface pressure (by Bakun)
and mean monthly winds , on a 10 grid , from shi p
observations.

The most attractive hypothesis for explaining the
Gulf circulation (away from the Loop Current) is that
the observed response at periods of 6 months is in part
a barotrop ic response , which advects the baroclinic
field past a fixed point .

Mr. Horton has been working with a theory of
buoyant forcing for steady currents , in which there is
mixing across density surfaces. The mixing of course is
small but the release of energy involved , in the s teady
f low , is dynamically important . A manuscript on this
subject has been submitted to Journal of Marine
Research. We are c o n t i n u i n g  to work on a better
understanding of severa l of the  assumptions involved.
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FEASIPILITY STUDY FOR IMPROVING THE AN/SSQ-36 ,

THE NAy’ ‘S A IRBORNE EXPENDA I LE PATHVTHERMOGRAPH (AXI~T)

The Sippican Corporation A cooperative program is underway to
Mr. Barry Tirrell stud~ the feasibili ty of improving the
Marion , MA 02738 current Navy AXET , specif ica l ly by re-
617—748—1160 placing the thermal sensor in this unit

with the Sippican T— 7 ship XP-T. (The
Naval Air Development Ce ~ter AXBT is an aircraft-launched expendable.
Mr. Edgar Reed & Carl Caliarm o After hitting the water , an antenna de-
Code 6013 ploys and a telemetry transmitter is
Warminster, PA 18974 activated . A thermal sensor ,connec ted
215—441—3249 by wire-link to the telemetry set in the

floating bod y ,  is then released and ob-
Naval Research Laboratory tains a temperature profile that is trans-
Dr. John Dugan, Code 8341 mitted to the aircraft. Given a known drop
Washing ton, DC 20375 ra te, the temperature—versus-time data can
202-767-3122 be converted to temperature-versus-depth.)

A comparison of the specifications for both the current and the improved
AXBT ’s is as follows:

Current Improved

Temperature accuracy (deg C, rms) 0.55 0.2
Depth range (m) 305 800
Drop rate accuracy (7~, rms ) 5 2
Time to obtain temperature profile (sec)200 129

Sippican has developed a self—calibrating electronic interface which
coup les the T— 7 XBT with the telemetry set in the buoy , and has conducted
temperature and shock tests on the T-7 probe. These tests are necessitated
by the low environmental temperatures and high thermal and physical shocks
associated with high altitude launch conditions . The new electronic inter-
face calibrates itself , measures the thermistor resistance, and feeds the
appropriate signal to the transmitter : the breadboard circuit has passed
initial tests. Production quantity pricing of an integrated circuit inter-
fa ce, and production unit cost estimates are being studied for possible
cost/b enef i t  t radeoffs .

NADC provides design-constraint data and testing for P-3 flight/dep loyment
condit ions , whi le  NRL is responsible for system accuracy testing.

The ultimate objective of this program is to make available to the scientific
community and the Navy a synoptic thermal measurement capability, in which
the capability of the T—7 ship XBT for making accurate thermal measurements
is mated with the capability of the Navy P-3 aircraft for rapid coverage of
relatively large oceanic areas .
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KUROSUIO TRACKING EXPERIME NT

Andrew C. Vastano Department of Oceanography, Texas A&M
University, College Station , Texas 77843
Telephone : 713-845-7432

LONG RANGE SCiENTIFIC OBJECTIVES The project goal is to produce an
understanding of mesoscale features associated with strong current
regimes. The research area encompasses the description and analyses
of oceanic movement and development of mesoscale perturbations to
mean conditions.
PROJECT OBJECT IVE S The tracking experiment goal is the description
of motion in the North Pacific Ocean including the Kuroshio and
Kuroshio Extension Currents. Analyses of drifter trajectories
relate the motion to physical, biological and meteorological distri-
butions. Emphasis has been placed on interactions between the
Kuroshio Extension Current and the Emperor Seainount Chain.
CURRENT PROJECT STATUS The project has received telemetered data
from 4 satellite-reporting drifters launched in February 1977.
As of March 1978 , two d r i f t e r s  remain reporting regularly north
of the Hawaiian Islands, another is intermittent and one has
grounded off Samar Island , Phill ipines. Work status: comparison
of trajectories with mean temperature, densi ty and dynamic topo-
graphy fields (907.)*; comparison with NORPAX XBT data, GOSSTCOM P
sea surface temperature analyses , Japanese 10 day reports (707.);
spectrum analyses of veloci ty components and temperature records
(507.) ; coherence analyses between drifter data and meteorological
parameters at Emperor Seamount Chain (107.); comparison with
biological distributions (507.).
MAJOR ACCOMPL1SFII1ENTS The drif ter trajectories reveal a remarkab le
diversity from close launching athwart the Kuroshio current; the
drifters can be widely separated and return to close proximity; the
effects of tnesoscale eddy generation were detected to the north and

— south of the Current ; flow in the Kuroshio Countercurrent was
traced as well as flow into the Oyashio Frontal Zone ; Current
interaction at the Emperor Seainount Chain was revealed in three
instances; eddy presence east of the Chain was detected and veri-
fication of the diffusing effect of the topography obtained ;
estimates have been made of zoop lank ton exportation and a lower
limit on life expectancy on the basis of one trajectory north of
the Current. A paper: “Biological Implications of Long Term
Drifter Trajectories in the North Pacific”, Hagan, Vastano, Kirwan,
McNally, Bieri, has been submitted to Science. Two notes have been
published on the drifter experiment in Naval Research Reviews and
the ONR Tokyo Scientific Bulletin.

* Percent comp letion
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CYCL ON I C RIN G EX PERt ~’IENT
Andrew C. Vastano Oceanography Dapartment , Texas A&M University ,

College Station , TX 77843, (713) 845—7432
- 

- LUNG RANGE SCIENTIFIC OBJECTIVES The project goal is to produce an
ttnd~ rstandin~ of mesoscale features associated with strong current
regimes. The research areas of interest are the descrip t ion and
analysis of cyclonic ring physical characteristics.
PROJECT OBJECTIVES The field experiment goals are the acquisition
of physical data, hydrographic station and XBT processing, prepara-
tion of station and XBT sections, physical data report preparation
and dissemination. Analyses Include comparison of ring structures
and energy distributions, entrainment and diffusion, transformation
of water masses , volumetric water mass census , preparation of init-
ial and verification data for numerical models and climatology of
the North American Slope Water (NASW) . Guidance for the Experiment
is provided through membership in the Ring Steering Committee.
CURRE NT PROJ ECT STATUS The project has received CTD station data
for 3 o f 4  primary ring cruises, XBl data  fo r all primary ring cruises
and XBT data from 4cruises of opportunity; 89 hydrographic stations
have been processed, 2O7fXBTs digitized and archived on tape, 9
h ydrographic  and 42XBT sections drawn ; Data Report (DR) I ~(NORR#62)
publ ished , PR II  (KNORR # 65) (757.~r, DR III (ENDEAVOR#ll) (757.)~ DR IV
(KNORR#7l) (2

~
7
~
)
~ 

DR V (Ships of Opportunity) (507.). Work status:
geostrophic velocity computations (7S73; sections preparation (407.);
volumatric water mass census (207.) ; physical proper ty and energy
anomalies for 1967 ring, Big Baby A (1007.), 1977 rings (157.); entrain-
r.ient and diffusion by density distributions for 1967 ring (1007.),
1977 rings (07.); transformation of tropospheric waters for 1967 ring
(1OO7~), 1977 rings (157.); motion of Lagrangian water parcels in
cyc Ionic rings using 1967 ring data (807.) ;error in XBT section
analyses due to ring shape and motion for d i f f e ren t  samp l ing s t r a t —
egies (3O’~,); areal distributions of water masses, distribution sta-
tisti.cs, regression analyses on distribution parameters in NASW for
1976-1977 (807.); preparation of initial conditions for N-level ring
model based on 1977 ring data (407.).
MAJOR ACCOMPLISHNENTS (1) participation on all 4 primary ring
cruises by project personnel, (2) paper: “Comparison of Cyclonic
Ri ng Struc tures” given at Chapman Conference on Oceanic Fronts;
(3) detection of possible water  mass modifications during ring
t-volution; ( 4 )  comparison of physical property anomalies for
cyclonic r i n g s  and big bab y r ings  near Bermuda indicates similar
srrengths ; two papers published: “ JJccay of a Shoal ing  Gul f  Stream
Cy~~ onic_ Ri n’~’ , Schmi tz and Vastano, J. Phys .  Ocn . V7 , N3 , May 1977;
“~~~~~r v t ~ na L Evidence for Trans format ion of Trupospheric 1-Yatcrs

~:i~j~Jn C~ c1~ n~c flings
”, Vastano and Ha~ an, J . Ph ys. Ocu . V7 . N6,

~~v 1977; nn~’ paper s u b m i t  ted to J. Ph ys. Ocn. , Feb 1978, “A

~~~~~~~~~~ j~~ u_ o1jj ic Ion ic R jjj~~~Lruc 
tu res in the N :,rthnrn Sar~~ sso Sea”,

IIa~ an, 01 - i - ~ Sc’itmitz and Vastano.

p r r c e nt  -~~ n n~ :np letfn n
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CYCLONIC RING EXPER INENT
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Sound velocity anomaly (m/ aec) relati ve to Sergasso Sea
bac kground for Rin g Al of the Cyc Ionic Ring Experiment.
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OCEANIC FRONTS

Arthur 0. Voorhis
Woods Hole Oceanographic In s t i t u t ion
Wood s Hole , MA 02543
(617) 548—1400 , ext .  532

A long—term objective of the pr incipal  invest igator  is to
understand and describe those processes in the upper ocean which
are responsible for the observed var iab i l i ty  of its currents  and
physical  properties , and which control the energy exchange wi th
the deeper ocean layers and with the atmosphere . The objective
of the present project is to investigate by f ie ld measurements
the cause of surface and near—surface frontogenesis in the sub—
trop ical convergence of the western North Atlantic and to estab-
l ish , i f possible, the relationship between these fronts and
deeper mesoscale motions. The measurements were carried out from
the NOAA ship RESEARC HER during the f i rst three weeks of March ,
1977. A paper describing some of our results was presented at
the Chapman Conference on Oceanic Fronts in New Orleans durin g
October , 1977 and wil l  be published in the summary proceedings
of the conference this year (with A. Leetinaa as principal author ,
see list of refereed papers). The major accomplishments of this
work are as follows :

1) Surface fron togenes is appears to be driven by the curren ts
of small scale baroclinic eddies which act to concentrate
lateral density gradients and , through small vertical mo-
tions, convert near-surface potential energy to the high
levels of kinetic energy observed along the fronts (currents
of 80 cm/sec). The small eddies are observed to have a
horizontal scale of about 100 km (wavelength) , a time scale
of about a week , and a depth scale of about 300 meters.
Their origin is unknown at present but we speculate that it
comes from the mesoscale motions (wavelength ~300 kin) .

2) The time scale of the frontogenic process appears to be of
the order of 1 to 4 days , with a cross—frontal scale of
10 kin , and an along frontal scale of 100 km.

3) Frontogenesis appears to be irreversible , that is, they ex-
tract energy from the small eddies but do not give it back.
It is not clear where this energy goes.
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LARGE-SCALE CIRCUL ATION

Bruce A. Warren

- - Woods Hole Oceanographic Institution
• Woods Hole, Massachusetts 02543

(617) 548—1400, ext. 537

Long—range scientific objectives: To explore and interpret fea-
tures of the large—scale ocean circulation and associated distri-
bution of properties; including the pattern and rates of deep cir-
culation in the world ocean, the structure , behavior , and dynamics
of the major ocean currents, and effects of bottom topography on
oceanic flow.
Present project oblectives: Present objectives concern (1) mapping
and in terpre t ing  features of the Gulf Stream ; (2) delineating the
overall deep circulation of the Indian Ocean; and (3) investigating
the dynamics of deep western boundary currents .
Current status: During the calendar years 1977—78 , the resul ts of
a three—ship investigation of the Gulf Stream and associated cur-
rents southeast of the Grand 8anks of Newfoundland , carried out in
1972 , were written up for publication, in collaboration wi th  col-
leagues at t he Bedford I n s t i t u t e  of Oceanograp h y. Edi t ing  and re-
duction of data taken on a transindlan hydrographic section along
Lat. 18°S in 1976 were completed; study of that material and prep—
aration of profiles illustrating the property distributions was
begun. Analysis of a short section occupied in the southwestern
Madagasca r Basin during the same cruise proved that the deep bound-
ary current off Madagascar is supplied from the Crozet Basin,
rather than the Mozambique Basin to the west .  Some time was spent
trying to understand effects of bottom slope on stratified deep
boundary currents, but the mathematics is difficult , and no sub-
stantial progress was made.
Major accomplishments: Geostrophic interpretations of the data
taken during the Grand Banks survey——the most detailed and exten-
sive ever made in that area——indicate a Gulf Stream—Slope Water
Cu rrent system which splits into two branches over the Southeast
Newfoundland Ridge, with a subsidiary closed circulation in the
Newfoundland Basin. With a plausible degree of lateral mixing,
this current system has been shown consistent with the distribu-
tions of other properties in the region (salinity, dissolved oxy—
gem and silica), and it has thereby been shown unnecessa r y to
rationalize them by hypothesizing, as Wo r thington did , two sepa-
rate nongeostrophic gyres, in violation of basic physics.

Closely spaced hydrographic stations made along Lat. l8°S in
the Indian Ocean demonstrated the existence of a deep western
boundary current in the eastern Indian Ocean, flowing northward
beside the Ninetyeast Ridge. It  had been in fe r r ed f rom coarse,
large—scale property distributions and dynamical arguments that
such a current “ought” to be there, and it was gratifying to find
that indeed it was. Knowledge of i ts existence helps to explain
certain features of large—scale property fields (e.~~. the deep
oxygen distribution), as well as provide further confirmation for
deep—circulation theory .
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Transfe r of Ene r gy Among Modes
Wi thin the Oceanic Internal Wave Field

Kenneth M. Watson , Principal Investigator

University of California
Department of Physics

Berkeley , California 94720
Telephone: (415) 642—3561

Professor Kenneth Watson has a continuing in teres t in
studying the statistical mechanical properties of dynamical
systems . This includes aspects of turbulence and transport
phenomena in fluids.

The present project is directed toward the study of in-
ternal wave related turbulence in the ocean . Specific objec-
tives are to understand the mechanism of energy transport within
the internal wave field and related diffusion phenomena .

The project was initiated in early December , 1977. The
nonlinear interaction of internal waves has been expressed in
dynami cal form in terms of Hamilton ’s equations. These have
a form which can be conveniently integrated numerically and also
lend themselves to analytic approximation .

The decay of a single labelled internal wave mode inter-
acting with an ambient field has been studied and has been re-
lated to a vertical diffusion coefficient.
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Studies of the Oceanic Bottom Boundary Layer

Georges L. Weatherly
Department of Oceanography
Florida State University

Tallahassee, Florida 32306
Tel: 904/641.4_6700

Steven L. Blums ack
Department of Mathematics
Florida State University
Tallahassee, Florida 32306

Tel: 904/6L4 L~_5820

The long-range scientific objective is to gain
F ins igh-~ in to  the physical processes which determine the

structure and variability of the oceanic bottom
boundary layer in regions of energetic flow . The
objective of the pro j ect in this contract year is to
numerically mode l the benthic boundary layer in reg ions
of sloping bottom topography to assess the effects  of
horizontal advection and tidal forcing in determining
the structure and variability of this boundary layer.
At present we have a model which permits tidal forcing
e ff ect s to be included and we are in the process of
modifying it to realistically simulate the effects
introduced by a sloping bottom. The model indicates
that for the region in which we have actual data the
presence of a sloping bottom significantly modifies
the structure of the boundary layer .
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Project

I)eve lopment of a t owed , two c omponent surface
cu rr e n t  sensor .

Pr inc ip le Investiga tors

W . J ohn Gould , Douglas C . Webb ,
Ins t itute of Oceanographic  Woods Hole Oceanogra ph ic

S c i e n c e s, Insti tu tion ,
Wormicy, Godalming , Wood s h ole ,
Sur rey GU8 5IJB, U . K . Ma 02524 3 ,  U . S .A .

Pho ne:  0 142879 14 1 2 4 1 Phone : (~~17 )  5148 1!~0O

Lon~ range s c i e n t i f i c  o b j e c t i v es of PIs

Investigation of mesoscaie Development of oceano-
dynamics of Eastern N. graphic instrumentation.
A t  lant ic

Project objective

The project aims to build a near surface towed
body incorporating two velocity component , heading and
temperature sensors the outputs of which when processed
in the deck control unit and c ombined with satellite
navigat ion in format ion  w i l l  yield values of near sur-
face currents over the periods between satellite
positions .

Current status

The project is a joint development between the  UK
Institute of Oceanographic Sciences and the Woods Hole
Ocea nographic I n s t i t u t i o n .  The e l ec t ron i c s  package
for the towed fish has been constructed and inc orporates
sensors for the determination of the stabilit y of the
t owed body during the i n i t i al t r i a l s. This work has
bee n done by Mr . D . B i t t e r m an of WHOI who is now work-
in ’~ a t  lOS . The des ign  oi’ t he  t owed f i s h  body has
beoii completed and co’~struction will start shortly.
m i t  ial trials are scheduled to take place on the U, V
Gyro during the POLYMODE Local Dynamics Experiment in
wh ich an intei’comparison w i th the hull mounted acoustic
hackscatter system will he possible . If this schedule
canno t  be met we will carry out trials on the  RRS
Shackleton in July (intercomparison with a 2—component ,
hul1-mo~jnted log) or the R/V Atlantis II during and
after the JASIN experiment .
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T I T L E :  S t u d y of  t h e  d y n a m i c s  of l a r g e — s c a l e  t h e r m a l
v a r i a b i l i t y  i n  t h e  u p p e r w a t e r s  o f  t he  m i d -
l a t i t u d e  N o r t h  P a c i f i c .

P R I N C I P A L I N V E S T I G A T O R S :
W .  B. W h i t e  R .  L . B e r n s t e i n

T E L E P H O N E : 71 4 / 4 5 2 — 4 2 5 6  7 1 4/ 4 52 - 4 2 3 3
I N S T I T U T I O N :  S c r i p p s  I n s t i t u t i o n  of  O c e a n o g r a p hy

U n i v e r s i t y  o f  C a l i f o r n i a , San  D i e g o
La J o l l a , C a l i f o r n i a  92093

T h e  o b j e c t  of t h i s  s t u d y h a s  b e e n  to  g a i n
u n d e r s t a n d i n g  on the physical mechanisms responsible
f o r  t h e  l a r g e — s c a l e  s e a s o n a l  a n d  s e c u l a r  c h a n g e s  in  t h e
t h e r m a l  s t r u c t u r e  of the  m . d - l a t i t u d e  N o r t h  P a c i f i c .
This stud y is one component of  a j o i n t  m u l t i — u n i v e r s i t y
p r o g r a m  ( i . e ..  t h e  A n o m a l y  D y n a m i c s  S t u d y )  d e s i g n e d  to
t e s t  v a r i o u s  h y p o t h e s e s  c o n c e r n i n g  t h e  l a r g e — s c a l e
b a r o c l i n i c  r e s p o n s e  of t h e  o c e a n  to  t r a n s i e n t  w i n d s .
T h i s  l a s t  y e a r  w a s  an e x c i t i n g  t i m e  of the  A n o m a l y
Dy n a m i c s  S t u d y  ( A D S )  a n d  for ourselves in particular.
We o b s e r v e d  a n  a u t u m n / w i n t e r  a n o m a l y  e v e n t  in t h e
W e s t e r l y  W i n d  s y s t e m  t h a t  had s u r f a c e  w i n d  stresses
t h a t  w e r e  3 s t a n d a r d  d e v i a t i o n s  abov e n o r m a l  f o r  a
p e r i o d  of 2 — 3  m o n t h s .  T h e  s u r f a c e  c u r r e n t  r e s p o n s e  to
t h i s , as  m e a s u r e d  f r o m  s a t e l l i t e — t r a c k e d  s u r f a c e
d r i f t e r s  ( d r o g u e d  a t  30 m )  w a s  a s u r f a c e  c u r r e n t  d r i f t
of  20 c m/ s e c , m o v i n g  a t  40 t o  t h e  r i g h t  of t h e  w i n d ,
i n  q u a s i — a g r e e m e n t  w i t h  E k m a n  f l o w  c o m p u t a t i o n s . T h i s
m e a n s  t h a t  t he  p h y s i c a l  m e c h a n i s m  of E k m a n  pum p i n g  in
r e s p o n s e  to t h e  w i n d  s t r e s s  c u r l , s h o u l d  h a v e  been
o p e r a t i n g  to  a l t e r  t h e  v e r t i c a l  p o s i t i o n  of t he  m a i n
therm ocline. However , this was not observed. Rather ,
evidence of vertical mixing down to 400 m w a s  f o u n d .
Directly underneath t h e  a n o m a l o u s l y  h i g h  w i n d s  t h e
t e m p e r a t u r e  in t he  m i v e d  l a y e r  ( i n  t h e  u p p e r 150 m )
were 3 standard deviations colder than normal; below
t h a t  in  t h e  m a i n  t h e r m o c l i n e  t h e  t e m p e r a t u r e s  w e r e  3
standard deviations warmer than no rmal. This is the
opposite response expected from Ekman pumping theory ,
b u t  is i n  a g r e e m e n t  w i t h  the  c o n c e p t  o f  v e r t i c a l
mixing, which has the signature of reducing the
vertical temperature stratification by cooling the
r e g i o n  a b o v e  the  m a i n  t h e r m o c l i n e  and w a r m i n g  i t
be 1 ow- .

In  t h e  e n s u i n g  s p r i n g  and  s u m m e r  m o n t h s , a f t e r  t h e
19 7 6 — 7 7  a u t u m n / w i n t e r  a n o m a l o u s  f o r c i n g  e v e n t , t h e
t e m p e r a t u r e s  in t h e  m a i n  t h e r m o e l i n e  b e g a n  to  b e c o m e
c o l d e r  t h a n  n o r m a l , s u g g e s t i v e  of v e r t i c a l  d i f f u s i o n
d o w n w a r d  of the  a n o m a l o u s l y  c o l d  w a t e r  f o u n d  a t  the
surface during the previous autumn/winter. However ,
inve stigations from hyd rograp h ic da t a  t ak en b e f o r e and
a f t e r  the  1 9 7 6 — 7 7  a u t u m n / w i n t e r  p e r i o d  ( A D S  I cruise in
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- J u n e  1q 7 6  a n d  A D S  I I I  c r u i s e  in J u n e  19 7 7 )  i n d i c a t e
that this cooling in the m a i n  t h e r m o c l i n e  m a y  h a v e  c o m e
f r o m  h o r i z o n t a l  a d v e c t i o n  b y g e o s t r o p h i c  f l o w  a l o n g
isopycna l surfaces , associated with a reduction in the
salinity.

These results from hy dro grap hic cruises emphasize
the importance of gathering salinity data as well as
temp er a tu rE . data. Therefore , t h e  n e x t  y e a r  i t  is
i m p o r t a n t  4’o r  t h e  ADS p r o g r a m  to investigate seriously
t~~e p o s si b i l i ty of gathering salinity information from
:t ~Ierlo ymen t of the XSTD , in the s a m e  w a y  t ha t
temp er a~ ur~ information is now being gathered by XPTs
p laced o-~ hoard ships — of— opportunity. This kind of
mea~~ur ere r.t is indicative of a departure from previous
ob jective s , w h i c h  w e r e  to i n v e s t i g a t e  t h e  d y n a m i c a l
i n f l u c n c e  of  t h e  w i n d  s t r e s s  u p o n  t h e  t h e r m a l
structure; in the future the rmohaline processes and
r r i i x i n g  p r o c e s s e s  w i l l  h a v e  to be s t u d i e d .
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Salt Fingers and Microstructure

Vertical  mixing in the ocean inter ior  occurs by a combination of
advection , mechanical stirring , and diffusion. Diffusion, whi ch is
ultimately responsible mixing , is the principal process in certain low
shear ocean regions. Salt finger convection (warm, salty fluid in
sinking cells exchanqinq heat with  cool , f resh  f l u i d  in r is ing cells)
appears to be the dominant process in staircase structure in the trop ic
and tempe rate oceans. in more active regions, shear flow turublence
appears to dominate . I wish to understand the relative importance
of these processes in vertical mixing in variour oceanic cases.

In this project, an instrument ensemble which sinks freely,
recording temperature , conductivtty,  and prossure , while  photographing
shadowqraph images of index of refraction i tthomoqene i t ies ,  has been
deployed in staircase structure and high shear s tructure . The objec-
tive has been to categorize mixing proces~;es by the alignment of thes t ructures  made visible in the shadowgraphs. A velocity shear sensor
added to the instrument now allows shear to be observed at interfaces
to determine th resholds fo r salt finger convection (which should occur
nearly everywhere in the Atlantic without some inhihiti nq process).
The determination of these conditions is the present objective of this
pro~ect.

The year 1977 has been a period of analysis. This is continuing
in lo7~ , principally on data from the ~;ult Stream and a cold core L ;u l  I
Stream Ring.

Elect ronic instrumentation to record conduc t iv i ty , temperature ,
and depth was constructed in 1975 and housed in an autonomous , s i n k i n g
vehicle. Profiles were made in support of the AFAR Microstructure
Program of March 1975 in the Azores with this equipment. An optical
imaging system to identify microscale stirring stru-~tures and an acoustic
velocity shear sensor were added to the instrument for partici pation in
the October 1975 FAME cruise to the Bermuda area. On this cruise , mixed
layers 15 meters thick were observed to contain veloc i ty s truc tu re  through
the layer and shear at the layer interfaces. Interfaces of warm , sa lt y
water overlying coo l , fresh water did not commonly exhibit salt finqcr:;
as had been previously observed in the Medi ter ran ean O u t f l o w . Thu s
veloc i ty shea~ apppears to dominate double—diffusiv e convection ifl
he regions analyzed , the opposite case from the Med i terranean Out t low .

Albert 3. Williams 3rd
Woods lIe lo (\‘ uiographic Inst it ut ion
W~~~ls h ol e , MA 02’~43
(h17) 54t~—l4OO , Ext. 45(-~
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Velocity Structure of Boundary l.a v~~ k h - l ow~

D e e p  sea boundary layer flows are an impottant ~~.lWt ot sediment
erosion , transport , and deposition. The interact ton o t flew and bed—
form is  di t f icult to simulate in the laboratory yet the shear stress
en the sediment depends on the structure ot  the turbulent flow imix~sed
by the bedforms . I would like to dt’sc i t be the t res ;es in t u e  f l ow
and understand t tie f low— bedfor m in terac t ion  iii a variety of benthic
f lows .

The ob l e ct I V c  of the present project  is to develop deep sea
velocity sensors and deploy them 11) a high energy flow such as the
Western Boundary U ndercurrent for  ins t rument  evaluat ion and pre l imin a ry
observations of the flow stress near the bottom.

An acoustic current meter has been developed as a thiret’—axi s, four—
seitso t array for deep sea turbulent flow measurements. it has l)een
tested ill a shallow tidal flow from which current profiles and Reynolds

t e s s  profiles were obtained. A second instrument is being prepared
tor deployment in an active deep site .

Albert 3. Williams 3rd
Woods Hole Oceanographic Institution
Woods h ole , MA 02~ 43
(6 17)  548— 1400 , Ext . 45t~
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The Relation of Sediment Movement to the Benthic
Current Flow in the Florida Straits

Mark W imbush
Graduat e School of Oceanography

U n i v e r s i t y  of Rh ode I s l and
Kingston , R . l .  0288 1

(401) 792— hiSO

Lon~~~~~~ e Objectives . To develop as full an understanding as
possible of: (1) tht hydrodynamics of the frictional boundary layer
at the bottom of the ocean ; (2) the interaction of this layer with
the sea—bed , in part icular the relationship of hydrodynamic parameters
to sediment transport and resulting bed forms .

• Objectives_of Current ProJ~~~~. The project is designed to inves-
tigate the relation between movement of sediment ripples and overlying
current flew at a high energy deep—sea site .

The field program has three components:
(1) A site survey to locate a uniform region of bottom sediment

wi th well developed hedforms of less than one’ meter scale .
(2) The nearby installation of a specially designed apparatus

(see figure) containing on a fixed tripod frame :
(a) vector—averag ing curren t meter (VACM), recording the
current velocit y at an elevation of 1 meter
(b) stereo 16 mm camera pair to take time lapse motion

- . 
p ictures of the migrating sediment ri ppl es In a lxI.5m area
( e)  strobe light to Illuminat e the bottom
(d) acoustic release sy st e m  fo r  re covery of the  appar atus .

Above the  tripod and attached to it will be a string of four VACMs at
elevations of 3, 10 , 20 , 60m. Several t imes every hour , for a period
of a month , this apparatus will record the average current velocity
vector and take a stereo color photograph ot th~ sea bed.

(3) Obtaining relatively undisturbed samples of the sea bed in
the vicinity of the apparatus .

In the analysis , data from these components will be brough t to-
ge ther to rela te the observed chan gi ng bed—form to the sediment com-
posi t ion and fb i ’ overlying flow . It is hoped that this will result
in a significant increase in understanding of the interaction of
current and bottom sediment In the deep—sea environment .

Current Status. A newly designed tri pod frame is being built to
improve the r e l i a b i l i ty  of the release system mechanism. The app aratus
will be deployed in June eIther on the lower continental rise in the
We stern Boundar y U n d e r c u r r e n t  or on the Bermuda Rise in the Gui f Stream
Return Flow . For a period of 3—4 months the cameras will take one
stere’ophotograph per hour , wit i le t he ’ c u r r e n t  me te r s  record (8 t i m e s  per
hour) the  boundar y layer velocit y and t emperature profi les .

Accorn
~U~hments. A 6—week time ’ lapse motion p ictu re f i l m  of the

sea bed at 710 meters depth was obtained In the F l o r i d a  S t r a i t s  d u r i n g
the summer of ‘76. S imul tane’onis lv , current was recorded at various
level s in and above the benthic boundary layer. Sediment was observed
to be moving during I7~. of the record , and opt Imum predi ctive sri tt ’ r i n
for bed—and suspended— load  trans pert s were d&’vt’ loped , based on the
cu r r en t  records.  B ot tom sample s  f rom the r egion were obta ined with
ALVIN for laboratory analysis. I n i t i a t i o n  of In sit ci sediment  motion
WilS found to occur at f l o w  spee~els ha it as great as those’ r e q u i r e d  in
i d e a l i z e d  labo r a t o r y  f l o w s  w i t h  s i m i l a r  sed iments .
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WATER MASS FORMATION AND GULF STREAM VARIATIONS

Valentine Worthington

Woods Hole Oceanographic Institution
— Wood s Hole , Massachuset ts  02543

(617) 548—1400 , ext .  487

My sc ien t i f i c  aim is to stud y the water masses of the world ocean
and their formation. In particular , I intend to focus on th e deep
mixed layers of 18°C water that are formed immediately offshore of
the Gulf Stream in late winter. £ have hypothesised that the for-
ma t ion of these deep mixed layers brings about a deepening of the
main thermocline south of the Stream and that , as a result , the
Stream increases in volume transport at the end of each winter.

The main objective of the project is to test this hypothesis. The
attached figure shows the computed volume transport for 32 reliable
oceanographic sections across the Gulf Stream in a region between
North Carolina, Nova Scotia and Bermuda. The Stream appears to be
strongest In late winter after the deep mixed layers are formed and
weakest in late fall, consistent with this hypothesis. There is
also evidence (from only two sections) that the Gulf Stream was
weakest after a succession of mild winters (open circles), and
strongest (from only one section) after a severe winter such as
that of 1976—1977 (open t r iangle) . Deep mixed layers are also
found on the equatorward side of other major ocean currents such
as the Kuroshio , the Somali Current and the Antarctic Circumpolar
Current; the hypothesis may also app ly to these currents. Existing
data are insufficient either to confirm or refute the hypothesis ,
and the exact mechanism by which the thermocline is deepened (if
indeed it is) is not at all clear.

The project has been halted for the current year until previous
contract work can be comple ted and published . It is hoped that a
modest start can be made in 1979 by means of oceanographic sections
across the Gulf Stream on a “piggy—back” basis , and by examining
the effect of past winters on the depth of the mixed layer and the
thermocline in historical data.

The major accomplishments of this  project  are th E published pape rs -•

listed in the bibliography .
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‘ Computed geostrophic volume transports for sections in the Bermuda —

Nova Scotia — Cape Hatteras triangle: •, 32 sections made between
1932 and 1968; 0, sections made before and after the winter 1974—
75; A, between Researcher stations 6 and 33 in April 1977. All
transports are relative to 2,000 m and are plotted against month . *
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Internal  Waves , Equatorial Dynamics and Acoustic Tomography

Prof. Carl Wunsch , Department of Earth and Planetary Sciences , MIT ,
Cambridge MA 02139. Tel : (617) 253—5937.

Prof. Charles C. Eriksen , Depar tment of Earth and Pl anetary Sciences,
MIT, Cambridge MA 02139. Tel: (617) 253—5738.

Long range objectives. This is a many faceted research project with
several goals. Internal wave work has been directed to an understanding
of the characteristics of internal waves in the deep ocean, their
sources , sinks and interactions wi th other f l ow f ie lds , and topography .
Dynam ics of equatorial ly trapped ba rocl inic  motions (a form of internal
wave) capable of efficiently transporting energy along the equator and
interacting with boundary flows are also to be studied. We seek their
energy , energy f l u x , distribution , and sources. Acoustic tomography
is new; it is intended to use acoustic sources and receivers in
conjunction with inverse theory to form an efficient , effective ,
economical real-time system for large scale measurements and monitoring
of the ocean . The ul tima te goal would be to produce ocean acoustic
holograms. A new near-surface , long-duration , high accuracy current
profiling instrument is under development for future use.

Objectives of present contract. We are studying 3 aspects of the
internal wave field. A summary of measurements from regions where the
internal wave f ield departs drastically from the “universal” spectrum
is being prepared . This will form an internal wave “cl imatology ”.
An array of moorings from Hudson Canyon has been recovered and is being
studied for the trapping , breakdown , and dissipation of the internal
wave f i eld at very high energies in a location where the f ie ld can have
geological effects. Characteristics of the inertial motions in the
deep ocean are being measured to understand their kinematic character
and orig in. In the equatorial program , we are obtaining measurements
from moored instrumen ts in the Gilber t Islands to determine if the deep
time dependent motions there are consistent with recent theories.
Previous data from the equatorial Indian Ocean is being analyzed . The
acoustic tomography work is intended to understand the theoretical
limits to acoustic measurements , and the optimum strategy for performing
the inversions for ocean structure.

Curren t status . We are in the middle of the f irst deployment of the
Gilber t Island array . The Hudson Canyon array data return was 100%
and preliminary analysis is underway . CTD data is being edited at WHOI
for our use. A manuscript describing the acoustic tomography technique
has been completed .

Major accomplishment. Perhaps the most important conclusion is that the
acoustic tomography idea should work . It could have a revolut ionary
impact on oceanog raphy .
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