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1. ImmerIoN 

Since the last century it has been known that lower sea 
surface temperature and higher productivity and plankton bicmass exist 
in the mixed layer in a narrw equatorial zone of the world Oceans. 
Because Ocean terrperature decreases with depth, nutrient-rich water 
occurs belaw the mixed layer, and the prevailing zonal direction of 
the surface winds along the equator is westward, upward motion or 
upwelling is thought to be the physical mechanism respnsible for the 
near surface temperature and phytoplankton distributions observed in 
the equatorial zone. 

m e  existence of equatorial upwelling has long been a 
tenet of faith amng Oceanographers. 
extremely difficult to measure because of its low speed. 
estimates are computed from physical principles or inferred from 
variations of conservative and nonconservative parameters. 

Vertical mtion in the ocean is 
Mst often, 

Equatorial vertical motions have substantial influence upon 
earth's climate. 
atmosphere-ocean-biosphere system involving equatorial upwelling is the 
exchanges of carbon dioxide during the El NiEo Southern Oscillation (ENSO) 
episode of 1982-83. The nom1 rate of increase in the globally averaged 
abmspheric carbon dioxide level (due to fossil fuel conhustion) was 
strongly perturbed during this ENS0 period. 
mixed layer, and lower productivity in the equatorial Pacific reduced the 
fixation of carbon into new primary production from 1.0~109 tons of 
carbon (1.0 GtC) to 0.4 GtC during this period; the change in the m u n t  
of carbon penetrating to water depths greater than 500 m where it is 
unavailable for degassing to the atmosphere for many years is poorly known. 
Tne reduction in the flux of upwelled carbon dioxide to the equatorial 
amsphere was about 0.6 GtC, roughly balancing the effect of decreased 
new production. 

An example of dynamic interactions within the 

Weakened upwelling, deeper 

Since the 1977 formation of the Scientific Cornittee on 
Cceanic Research (SCOR) working Group 56 ("Equatorial welling Processes") 
there have been many innovative observational and theorical programnes 
enphasizing the role of equatorial vertical motions. 
timely to propose an international meeting to provide an opprtunity for 
researchers in different disciplines to discuss this subject. 
Symposium was organized in 1985 to conduct a mltidisciplinary enquiry 
into processes of equatorial upwelling, including assenbling evidence of 
the spatial and tenporal characteristics of equatorial upwelling processes. 

In 1983 it seemed 

A SCOR 
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2. ORGANIZATION 

A nultidisciplinary Syrrposium on Vertical LyOtion in the 
Equatorial Upper Ocean and its effects upon Living Resources and the 
Amsphere was held during 6-10 May 1985 at Unesco, Paris. 
innmative m s i m  was spnsored by SCOR Working Group (WG) 56 and 
CO-sponsored by the Intergovernmental Cceancgraphic Conmksion (IOC) 
and Unesco's Division of Marhe Sciences (CCE). Attendance at this 
international meeting was approximately 68 -le from 13 countries. 
The Organizing Cornittee consisted of: R. Barber (United States of 
America), 0. Guillbn (Ped), D. Halpern (United States of America) , 
D. Hu (People's Republic of China), R. J M n e z  (Ecuador) , 
A. Longhurst (Canada), H. mtschi (Ivory Coast) , M. Vinogradov (Union 
of Soviet Socialist Republics), and B. Voituriez (France). 
Dr. Walpern, Chairman of SCORWG 56 Physical Panel, was Convenor and 
Dr. Barber, C2lairm of SCOR hG 56 Biological Panel, was Co-convenor. 
m e  List of Participants is given in Annex 11. 

The Symposium enphasized the synthesis of multidisciplinary 
aspects of vertical mtion in the equatorial upper ccean, especially 
the interrelationships of the biological , chemical, physical and living 
resources parameters. 
divided between physical and biological aspects, m y  papers enphasized 
interrelationships of physics and biology. 
outstanding papers presented in the Symposium. Preprints of papers and 
several others intended for presentation were distributed at the 
conference in an unpublished dccumnt knuwn as the Blue Eteport, which 
greatly aided scientific discussions m n g  the participants. Annex I 
contains an alphabetical listing by first-author of the titles and 
abstracts of the papers contained in the Blue Report. 
and other cmtributions were then submitted to Oceanolajica Acta and 
appeared in a special issue (Special volume no. 6, May 1987, 
edited by D. Halpern and T. Barber, published by Gauthier-Villars). 

This 

Even though the papers were nearly w a l l y  

There were a nTIJ3er of 

Sane of the papers 

3. OF SCIENTIFIC RESULTS 

The average of several quantitative, independent estbtes of 
upwelling in the equatorial zone (renote from a coastline) reported at 
the Symposium was 2.5~10-~ m s-1. Techniques involved: (a) the equation 
of continuity using (i) drifting buoy trajectories and (ii) -red 
current measurements; (b) time history of mixed layer depth; 
(c) equatorial undercurrent core trajectory; (d) flow along isotherms; 
and (e) mass convervation. The t h  dependence of equatorial uwelling 
is still insufficiently k n m ,  except perhaps on the annual and inter- 
annual time scales. 



A change in heat storage of the upper mean not accounted 
for by net surface heat flux is partially attributed to vertical 
displacement of the thermline and to horizontal advection. 
Ocean heat budget studies cmtinue to be made to resolve the role of 
vertical motion in variations of the thermocline and of the sea surface 
temperature (SST); it is generally accepted that a damward displace- 
ment of the thermline is associated with an increase in SST, and 
vice-versa. Studies in the western Indian Ocean indicate damward 
advection of heat as the southwest monsoon ccBnmerzces and isotherms in 
the western Pacific deepen when easterly winds occur; -ever, in 
the eastern tropical Atlantic the heat cmtent was not significantly 
related to vertical displacements of the thermline because of the 
substantial contribution from horizontal advection. 

Up=r 

The horizontal circulation pattern due to a vertical 
redistribution of the tropical temperature field is corrplex. Changes 
in themline depth along the equator produce zonal pressure gradient 
variations and, cansequently, disturbances of the east-west ageostrophic 
current component. The meridional pressure gradient fluctuation near 
the equator induced by vertical displacement of the thermline along 
the equator creates change in the geostrophic zonal current. Thus, 
vertical mtion, though not large in speed, strongly influences the 
horizontal circulation by its effect upon the position of the thermline. 

Chlorophyll-a is a measure of phytoplankton abundance. In 
tropical waters a subsurrace chlorophyll-a mxinum is associated with the 
upper portion of the nitrate gradient, &- the depth of p r i m y  production 
m i m U m  occurs closer to the surface than the chlorophyll-a m a x h  or the 
nitrate gradient. In trcpical regions a strong thermocline separates a 
mixed layer low in chlorophyll-a and nutrients from nutrient-rich water' 
belaw. Because of spotty and &termittent observations over short 
durations in a biologically active environment where the doubling t h  of 
phytoplankton is about 1 day, the relative contributions of upwelling (an 
upward current), and vertical mixing (turbulent exchange of mamentun, heat 
and nutrients) to the chlorophyll-a and primary production patterns remain 
elusive. Tbrbulent mixing along s e  ecpator has several tim scales, 
including the diurnal period produced by nocturnal surface heat flux and 
5- to 30-day periods produced by vertical shear betzeen the swiftly flowing 
currents (e.g. westward flowing South Equatorial Current and eastward 
flowing Equatorial Undercurrent). Double diffusive heat and salt fluxes 
in the strongly stratified waters also contributes significantly to ocean 
mixing. 

Upwelling strongly influences biological precesses in the 
trapical zone. 
zone where light intensity decreases exponentially with depth, it also 
determines the net sinking rate of phytoplankton which, consequently, 
contributes to the gruwth rate, concentration, and size distribution of the 
primary productivity. 

Vertical motion not only uplifts nutrients into the euphotic 

Upwelling alluws nonmbile phytoplankton to be 
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entrained for increased intervals in the biologically active near 
surface zone. 
eastward and tmard the surface by the Equatorial Undercurrent. 
the coastal zone, horizontal currents frequently re-introduce phyto- 
plankton into the region of upward mtion, producing rapid grcrwth 
cycles. 

Along the equator, phytoplankton would be carried 
In 

Irradiance absorption by biological constituents (e.g. 
phytoplankton) can produce localized heating at depth and effect the 
thermal structure of the upper Ocean. 
might be large enough for a thermal inversion and, possibly a static 
instability, to develop. 
interaction upon mdelling SST dynamics requires elaboration. 

While tenpral sampling of chlorophyll-a and pr'hary 
production will continue to be aliased until in-sit; time series 
observations are recorded, satellite-borne instrumentation will reduce 
the spatial aliasing of surface chlorophyll-a data. The potential for 
global primary productivity estimates is exdting, though m c h  basic 
research needs to be done because the correlation between surface 
chlorophyll-a and primary production has substantial regional differences 
due to charGteristics of static and dynamic stabilities, mixed layer 
depth, light penetration intensity, advective effects, nutrient supply, 
etc. Most likely, in-situ masuremnts of intensity of mixing or of 
photosynthetic paramters such as the depth of the chlorophyll-a 
maximum will be an integral comipnent of global estimates of p r h r y  
production from satellite data. 

in upwelling regions is the relatively short food chain, i.e. fewer 
trophic levels are required to convert organic matter to useful form for 
society. - a, which are the intitial elements in the food chain, may be indicators 
of the ultimate fisheries yield. For instance, in highly productive 
coastal upwelling environments the size of the diatom and dinoflagellates 
are about 10-20 um (i.e. nanoplankton). In contrast, picoplankton ( 2 urn) 
predominate in the tropical open Ocean, e.g. in the eastern Atlantic 
where picoplankton associated with the chlorophyll-gmaximum are upwelled 
without m c h  increase in cell size. 

The radiation absorption 

The consequences of this physical-biolcgical 

One of the factors contributing to the high fisheries yield 

Thus, the size of photosynthetic organisms or of the chlorophyll- 

4. RECOMMENDATICRJS 

The scope of results presenbed at the m s i u m w a s  far ranging, 
from 10-6m for plankton cell size to 10 
variations. 
hamper effective cammications arrpng participants specialized in a portion 
of the scale range. however, studies of interactions between processes 
within these scales must be encouraged to achieve answers to sane of 
society's m s t  pressing enviromntal concerns, e.g. the role of the mrine 

seconds) of wind and current 
These large characteristic space and time scales s o m t h  
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biosphere upn atmspheric carbon dioxide variations. 
format, with its lengthy lectures and ample time for scientific 
discussions, contributed greatly bards multidisciplinary interactions 
m n g  participants; attendees' remarks indicated appreciation of this 
type of Symposium structure. Gne of the strongest lessons of the 
Symposiumwas the need for cooperation m n g  countries in order to 
develop an accurate global understanding of equatorial processes. 

The Symposium 

It was noted that the penetration depth of anthropogenic 
carbon dioxide in the equatorial ocean was 1000 m in the Atlantic and 
400 rn in the Pacific. Future studies need to determine whether this 
feature was the result of increased damwelling in the Atlantic or sonrt 
other process. 
the biochemical processes in the euphotic zone regulating this flux are 
pcorly characterized; 
Clcean Flux Studies (GOFS) Programme. Phch work needs to be done on the 
new to total prffluction ratio, such as descriptions of its mean and 
variance . 

The size of the global carbon flux to the deep sea and 

this is a subject of the International Global 

while the climatological-mean value of equatorial upwelling 
is fairly well established, temporal and spatial variations are poorly 
known. 
frequency variations of vertical mtion in the equatorial upper ocean 
for scales less than about 2 mnths and 1000 km. Simultaneous observations 
of plankton comiities, primary production, solar irradiance, mixed layer 
depth, arid other parameters should be mde to qyantify the relationship 
between these types of data. 
problem of parameterization of small scale processes involved in primary 
production in terms of easily and routinely measureable quantities. 
results would be extremely useful in d e l  development of mesoscale 
variations of near surface primary production. Eventually, this type of 
mdel would be inbedded in models of global variations of marine primary 
production. 

Projects should be initiated to determine the waven&r- 

Ehphasis must be given to the difficult 

These 

Satellite estimtion of global distributions of surface pigment 

Further research is encouraged to learn about its representative- 
concentration was one of the new, innovative technicpes described at the 
Symposium. 
ness of chlorophyll-a and its use as an indicator of primary productivity. 
It is anticipated m-t analysis of satellite ocean color measurements will 
determine the mean and fluctuating components of oceanic phytoplankton 
abundance and the empirical relationships between patterns of phytoplankton 
variability and physical oceanographic processes. 
of Ocean color have the potential to revolutionize current dqma about 
global estimates of primary productivity, which have been assenbled from 
instantanwus estimates made at isolated sites throughout the world over 
many decades. 

Satellite observations 
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Laboratory experiments of geophysical flaws are a useful 
mthcd to study coastal circulation prmesses, and may likewise be 
applicable to equatorial circulation, especially for descriptions of 
the current platform induced by different forcing regims. 

In s m ~ y ,  the Symposium recomndations are: 

Description of vertical mtion with time and space scales 
less than 2 mnths and 1000 km with m i n k  m u n t  of 
aliasing ; 

Description of the carbon cycle in the near-equatorial 
region of the mrld oceans; 

Development of physical-biolcgical-chemical model of 
mesoscale variations of near surface equatorial productivity; 

i 

Improvemnt of interpretation of satellite observations of 
surface pigment concentration and primary productivity; 

Description of temporal variations of chlorophyll-a 
maxim and surface chlorophyll-a for time scale lzss than 
2 mnths with a mininum amount OF aliasing; 

- Description of horizontal and vertical advective influences 
upon thermline variations . 

The Symposium was well organized, due in 'large part to 
Ms. Elizabeth Timrsh (SCOR) without whose contribution this work would 
have suffered. 

This Report was prepared by Dr. David Halpern and Dr. Richard 
T. Barber, Convenor and Co-Convenor of the Syrrposium, respectively. 

The co-sponsoring organizations wish to thank these, and the 
numerous other persons involved in the preparation of the symposium, as 
well as the participants, for their generous contributions to the success 
of the Symposium. 
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Inference of Vertical Processes in the Equatorial 
Indian Ocean Using Satellite Data 

bY 
M. M. Ali, B. Simon and P. S. Desai 

Meteorology Division, Space Applications Centre (ISRO) 
Ahmedabad-380053 India 

Vertical processes in the equatorial Indian Ocean, around the 
onset of the southwest monsoon, are said to be dominated by the vertical 
displacemnts of the thermocline associated with the jet-like response 
to the zonal windstress changes. 
stress distribution, particularly the zonal ccmponent along the'equator- 
ial belt, could help infer vertical motion. 

Geosynchronous satellite low-cloud mtion winds, with suitable 
collatoral data, could k approximately extended to the ocean surface to 
obtain this pattern. In this paper, such an attempt is made using PENEX- 
79 GOES winds; the expected nature of the resulting thermocline vertical 
displacements is verified qualitatively by using mixed-layer-depth esti- 
mates from research ships' TESAC data and TIFG-N SeaSurface-Tewrature 
(SST) fields . 

satellites, in-situ data, numerical model runs and biological component 
is proposed, conveniently names as Equatorial - Indian - Ocean Experiment - 
(EQUINOX) , signifying transition season responz. 

Thus, a knowledge of the surface wind- 

A more caqlete experbnt, involving INSAT, NQAA, Microwave 

Variations in Bidcgical Productivity in the Eastern 
equatorial Pacific: The 1976 Dinof lagellate B l m  

Richard Barber 

Duke University Marine Laboratory 
Beaufort, NC 28516 U.S.A. 

Roberto Jbenez 

Instituto Nacional de Pesca Guayaquil, ExluAcoR 

Changes in the physical dynamics of the surface layer can 
affect the productivity of the equatorial and coastal ecosystems even 
though upwelling does not cease. 
the initial condition that allowed the motile and phototactic but slow 
growing dinoflagellate, Gymcdinium splendens, to predominate in the 
euphotic layer along the coast of South America off Ecuador, Peru and 
northern Chile. 
anchovy recruitment more severely than the 1972 El NSo. 

Increased stability in March 1976 was 

This change in phytoplankton composition affected 
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Primary Production and Phytoplankton Bicmass 
In the Equatorial Region of the Atlantic at 22 West 

Eduard Eauerfeind 
Biolcgische Anstalt Helgoland 

Notkestrasse 31 Hamburg 52 Gerrrany 

bY 

Biological and chemical measurements were carried out in the 
equatorial Atlantic at 22 W, at ten sections between 3 W and 2 OS, 
f r m  February to June 1979. During this t h e  two periods with low sea- 
surface thrpratures, due to upelling, were observed. One period in 
february, the other in June. An increase in chlorophyll concentrations 
was measured during these periods, whereas an increase in primary 
production was observed only during the upelling event in June. Small 
organisms &aminated the phytoplankton canposition in nurakers as well as 
in biomass. Primary prcduction was also highest in the small fraction 
( ~ 2 0  urn). Primary production values as estimted frcm the input of new 
nutrients into the productive zone showed the importance of regenerated 
production during the tims without upvelling. 

buble Diffusive Heat and Salt Fluxes 
bv 

the Northwestern Tropical Atlantic 

Janice Dinegar Boys and Henry Perkins 
Naval Ocean Research and Developnent Activity 

NSTL, Mississippi 39529 USA 

Measurements in the northwest tropical Atlantic off the coast of 
of South America have revealed an extensive and apparently permanent region 
of well-developed themhaline steps presumed caused by particularly vigo- 
rous salt finger activity. 
through the staircases are large enough to suggest that the process is 
playing a major role in vertical exchange across the thermocline. 

Estimates of vertical fluxes of heat and salt 
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Estimating Vertical velocity on the Equa tor 
bY 

Esther C. Brady and Harry L. Bryden 
woods Hole Oceanographic Institution 

FJoods Eole, MA 02543 

The equatorial upwelling rate for the Central Pacific is esti- 
mated in four ways using mean 
(1) that the Equatorial Undercurrent core is a trajectory of flow, 
(2) that the flow is along isotherms, (3) that mass is conserved in the 
meridional-vertical plane, and (4) that mass is conserved three- 
dimensionally. It is remarkable tiat by using such s-e and 'indepen- 
dent methods, all results agree so well, exhibiting an average vertical 
velocity at 9Om of 1.9 x 10-3 cm s-1, with a standard deviation of only 
0.3 x 10-3 cm s-1. The results reported here demnstrate the ease with 
which reliable estimates of vertical velocity may be obtained on the 
equator, which should be useful in studies of the effects of upwelling 
on productivity and chemical nutrient renewal in the equatorial surface 
layer. 

measurements assuming the following: 

Seasonal Heat Content Variations in the Northwestern Indian Ocean 

J. G. Bruce 
Naval Oceanographic Office 

Bay St. Louis, NSTL, MS 39522-5001United States 

bY 

The changes of heat storage of the Sanali Basin in the western 
Indian Ccean as shown frcm 55 detailed temperature sections along the 
western sea lane (tanker XBT program 1975-1979) are only partly account- 
ed for by the net heat gain at the sea surface. Vertical and horizontal 
advection appear to be the cause of major changes both between and during 
the monsoons. 
stored in the 0-4OOm layer during northern spring (up to 31 x lo8 Jm-2) 
is redistributed with a heat loss of approximately 13 x 108 Jm-2 in the 
upper 0-100m layer and the gain of a similar amount in the 100-400m 
layer, caused to a large extent by the dynamic response of these layers 
to the mnsoon wind stress. 
from the region. 

During the southest mnscon the large amount of heat 

In late a u t m  this heat is then advected 
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Vertical Motions in the Central Ekmatorial Pacific 
bY 

V. A, Bubnov 
Atlantic Department of P. P. Shirshov Institute of Oceanology 
of the USSR Academy of Sciences, Kalinixqrad 236000, USSR 

Using the long term current observations fram 10 moorings in 
the Central Pacific (1* 30 ' N - 1" 30 
March 1980 estimations of vertical velccities are made fran the contin- 
uity equation and on the basis of box d e l .  Vertical motion in the 
upper 300-m layer is directed upwards, and its velocity ranges from 1.0 

S, 1630 15 ' W - 167' W) in February- 

to 8.0 x 10-3 cxl/se~-l. 

Numerical Study of Vertical Wtion in 
Tropical Oceans Induced by Atmospheric Mesoscale Vortices 

bY 
Sinnn W. Chang 

Naval Research Laboratory, -Washington, D. C., U. S. A. 20375 

A nonlinear primitive equation, hydrostatic Ocean model with a 
rigid bottom and a free surface is constructed to study the Ocean's bar- 
otropic and baroclinic response to wind stress of tropical cyclones. 

With an axisymnetric, stationary wind stress, induced mixing 
and upwlling create deep ocean circulations. The divergence in the 
upper ocean is compensated by an inflow which extends from the t h e m -  
cline to the mean floor at 2000 m. uptelling, with a maximum of 0.1 
cm/s at 50-75 rn near the center, and downwelling at large radii also 
extend to the ocean bttam. 

Moving tropical cyclones leave the ocean with a barotropic 
trough and a baroclinic ridge in the wake. 
the wake is wave-like with typical half-wavelength of 300 km. 
icalmtion is the strongest at the depth 80-EO m, but still consider- 
able at 500-700 m below the surface, In the x-z plane the vertical m- 
tion field has a phase shift that the vertical mtion below the depth of 
1000 rn is out of phase with that above 500 m, 

The vertical motion field in 
The vert- 

These numerical simulations suggest that tropical cyclones can 
induce Ocean vertical mtion at greater depths than previously believed. 
This may have significant biological and chemical implications. 
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Ocean Variability and Phytoplankton Carranunity Structure,: Onset of 
The 1982-83 El Nino in the Peruvian Upwlling.Region 

bY 
Francisco- P. Chavez 

Duke University Marine Laboratory 
Beaufort, NC 28516 USA 

A time series of phytoplankton species abundances, based on 
triweekly sampling at a aoastal station off Paita, Peru (SOS) between 
June 1982 and January 1983, is ampared to parallel series of physical 
(temperature, salinity,--wind, sea Level) and chemical (prbry nutri- 
ents and chlorophyll) parameters to investigate the processes structur- 
ing phytoplankton camunities in the Permkm upwelling region. Onset 
of El N h o  in September 1982 reduced all the major phytoplankton groups, 
b t  this reduction was temporary and high levels of phytoplankton are 
maintained in a narrow coastal zone in the face of El Nino. 

On the Distribution of Anthropogenic CO.;! in the Equatorial Atlantic 
And Pacific Oceans 

bY 
Chen-Tung Arthur Chen 

Institute of Marine Geola~y 
National Sun Yat-sen University 

Kaohsiung, Taiwan Republic of China 

The lover boundary of anthropogenic CO2 penetration is shorn 
for the equatorial regions in the Atlantic and Pacific Oceans based on 
carbonate data in the literature. The results indicate that the excess 
CO2 has penetrated to roughly 1200 m in the equatorial Atlantic Ocean 
but to only 400 m in the equatorial Pacific Ocean during the past 130 
years. 
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Small Pelagics -dance and Uphellingin Iy~ty W t  

Philip- Cury 
OIzsTaM 

24, rue &yard 
75008 Parrs, France 

Claude Roy 
m m  
BP 2241 

Dakar, Senegal 

> 

A d e l  using fishing ef€ort and a measure of upbelling in- 
tensity is proposed to analyze fluctuations of abundance of Ivory 
Coast coastal pelagic species. 

It is shown that fishing effort alone is not able to explain 
observed variations of abundance. The model fits mch better when in- 
tegrating a measure of the upwelling intensity, not only for the time 
of catches but also for the year before, so as to take into account re- 
production and recruitment. Using annual upvelling index at year i and 
i-1 and fishing effort, the mdel explains 75% of the variance of the 
abundance index. 

Adjustment to Wind Forcinq in the Western 41~tcjrlal. Pacific 
bv 

Jeam-Rene Donguy and Jean-Paul Rebert 
Groupe SURTROPAC, Centre ORSTQM de N Q d a  
B.P. A5 - NOUMEA - Nouvelle Caledonie 

In the Western Equatorial Pacific, the effects of the prevail- 
ing winds are due to the barcclinic adjustment induced by the changes of 
sea level. When easterlies blow, isotherms deepen; when westerlies blow, 
isotherms lift up. The effects of the wind bursts are dif€erent. With 
easterly wind, upwelling and spreading of the l5*-2SoC isotherms occur. 
With westerly wind, downwelling and pinching of the 20" -25'C isotherms 
are observed. Each thermal pattern is associated with a current pattern. 
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Changes in Nutrients, PH, Light Penetration and.Heat Budget Due to Vertical 
Movements of Photosynthetic Organisms in Peru coastal Waters 

L- 7 UY 

IAllan Hancock Foundation, University of Southern California, 
U s  Angeles, California 90089, USA. 

R. C. DugdaleJ, F. P. Wilkersonl, R. T. Barber2, D. Blasco3, T. T. Packard3. 

2 Marine Laboratory, Duke University, 
Beaufort, North Carolina 28516, USA. 

3 Bigelow Labratory for Ocean Sciences, 
West Boothbay Harbr, Maine 04575, USA. 

The impact of red tide organisms; Gymn dinium splendens in 1976 
and Mescdinium rubrum in 1977, on the oceanography of Peru coastal waters 
is described. In the upper Im of the Ocean they control up to 99% of the 
absorption and transport of incoming radiation. 
vertically migrating organisms in heat transport in eastern boundary 
system is revealed. 

The key role of these 

Estimating Ocean Prcduction Ercm Satellitederived Chlotophyll: Insights 
Eastropc Data Set 

R. W. Eppleyl, E. Stewartl, M. R. Abbott1r2, and R. W. Owen3 
1 Scripps Institution of Oceanography, University of California, 

San Diego, La Jolla, CA 92093 

Jet Propulsion Labratory, California Institute of Techolq 
Pasadena, Ca 91109 

Southwest Fisheries Center, National Marine Fisheries Service 
NOAA 

La Jolla, CA 92038 

The EASTROPAC expedition took place in 1967-68 in the eastern 
Primary production was related to near-surface 

Much of the variability in the relation was 
tropical Pacific Ocean. 
chlorophyll in these data. 
due to the light-history of the phytoplankton and its photoadaptive state. 
This was due to changes in the depth of mixing of the surface waters mre 
than changes in insolation. Accurate estimates of production f r m  satel- 
lite chlorophyll measurements may require knowledge of the temporal and 
spatial variation in mixing of this region. 
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Variability of the Productive Habitat in the. Eastet'n, Ecpa tor ial Pacific 
bY 

Gene Carl Feldman 
Marine Sciences Research Center 
State University of New York 
Stony Brook, New York 11794 USA 

Satellite Ocean color data was used to assess the area of en- 
hanced biological production in the Eastern Quatorial Pacific. 
pigment concentration (an index of phytoplankton biomass) for the entire 
region increased by a factor of 3.5 from late 1978 to late 1979. 
of the productive habitat (defined as the region in which sateilite de- 
rived pigment concentrations exceeded 1.0 rnc?/m3) increased 14-fold oker 
the same period and covered nearly 0.5 x 105 krd. The 1982-83 El NiRo 
reduced the size of the productive habitat and the levels of primary 
production when canpared with the Dec 79Jan 80 period, but surprisingly 
showed higher values of both paiarneters when compared with the Dec 78 - 
Jan 79 $eriod. Although significant mesoscale variability was observed 
over short the scales (daily to weekly), mnthly canpsites retained the 
major mesoscale structures and dminant features of the region and were 
found to be the best means for quantifying the large-scale interannual 
variability. 

The mean 

The area 

&welling in the E p a  torial Pacific Using Tritium Data 

Rana A. Fine, William H. Peterson, and H. Gote Ostlund 
Eosenstiel School of Marine and Atrrospheric Sciences, University of Miami 

4600 Rickenbacker Causeway, Miami, Florida 33149 USA 

bY 

Tritium data collected over ten years in the tropic& Pacific 
are used to show that equatorward penetration of higher latitude thermo- 
cline water is the source for the equatorial upwelling in the Pacific 
Ocean. Observations of subsurface tritium maxim from the dateline to 
125w show that the entire thermocline down to 16C participates in the 
equatorward geostrophic convergence. A combination of convergence and 
advection manifests itself on the equator both as a subserface maxhum 
&tween 145 and 125W showing that region has received the greatest input 
of high latitude water; and as a surface maximum on and north of the 
equator. The high surface tritium is roughly coincident with the cold 
tongue suggesting the brrprtance of geostrophic convergence in feeding 
the upwelling, which is shown to occur at temperatures abve 16C. Ekman 
divergence at the equator fed by upwelling and southward recirculation 
of the major eastward flowing zonal currents in the eastern Pacific have 
resulted in a small cross equatorial flux of northern hemisphere tritium. 
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Biomass and Composition of Zooplankton and Ichthyoplankton in the 
Upwelling System of the Galipagos Islands 

bY 
Maria Laura Garcia, Gavrik Larrea, C&ar Aguirre, and Armando Visquez 

Instituto Nacional de Pesca 
P.O. Box 5918, Guayaquil, FCUAIOR 

Collections of zooplankton were obtained frm oblique tows, 
taken during various oceanographic research cruises designed to study 
the ocean variability and productivity in the equatorial waters of 
the Eastern Pacific around Galapagos Islands. 
out on March, November, Cecember, 1983 and April, 1984. 

This m r k  describes the patterns of distribution of total zoo- 
plankton biomass and abundance in numkrs of the following groups: 
Copern, Ostracods , Euphausiacea, Pteropoda, Chaetqnatha, Thaliacea , 
Larvacea, and Fish Eggs and Larvae, and the abundance of fish eggs 
and larvae of the families Bathylagidae, Gonostomatidae, Myctophidae 
and Clupeidae . 

Zooplankton biomass was lower (400 nil/lOOO m3) during March 
1983, when the event of "El Nifio" occurred at this region. 

During periods of p t  "El Nifio" the zooplankton and Ichthyo- 
plankton groups were related to advective processes caused by the up- 
welling of the equatorial undercurrent or with the frontal zones 
between the Surface Tropical and Subtropical Waters Masses. 

In November 1983, when more stations were surveyed within the 
Island system, it was evident that the greatest abundances of fish 
eggs were located eastward frm the main upwelling area, but in the 
same equatorial band bounded by the O o O O 1  and YOO' of Latitude south. 

Higher densities of sardine larvae, Sardine sagax sagax, (365- 
1400 larvae per standard haul) ere recorded for the same month, 
canpared with those that have been reported Ahlstrom during February- 
March, 1967. 

The cruises were carried 

Chemical Characteristics and Productivity off Peru During El NGo 

bY 
Oscar Guillen 

Instituto del mar, Lima, Per6 

1982-83 

The 1982-83 El Nico presented and characteristics affects with 
great differences respect to previous events. During the s m e r  and 
early autumn of 1983 a weak coastal upwelling was present in a coastal 
band near to shore, particulary off Pimentel and Chimbote; but the up- 
welled waters were warm and pcor in nutrients and consequently there 
was a declay in phytoplankton production, and negative effects in the 
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zooplankton, fishes, et; the exception was a relative high concentra- 
tion of chlorophyll ''a'' at the coastal band. 
condition had returned by July 1983. 
defficiency in nitrates than in silicates, mainly due to a predominance 
in dinoflagellates. 
73 event, as well with normal and cold periods; it is fininished with a 
discussion of its effects on the upwelling and the fertility of the 
coastal waters. 

The highly productive 
The unsual case was the higher 

Comparisions are mde of 1982-83 El Nifio with 1972- 

Eddy-like Features with Trapped Sacw 
Northwest off cap Verde Islands-. 

Eberhard Hagen and Rudolf Schemainda 
Institute of Mar h e  Research, Rostock-Warnern*hde 

German Democratic Republic 

bY 

Estamples are presented for eddy-like features in the region 
northwest offf Cape Verde Islands. 
layer between 100 m and 300 m where a strong correspndence between 
the local level of potential energy and the percentage of trapped 
South Atlantic Central Water was established. The local potential 
"eddy-energy" was higher by a factor of t m  up to a factor of four 
than the mean values which wre presented by Danzler (1977) for the 
investigation area and mreover, values of the same order as in the 
Gulf stream region *re locally estimated. 
instability is nlainly the energy source of such eddy-like phenomena 
within intermediate layers off cape Verde Islands. 

These events were observed in the 

We conclude the baroclinic 
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On the Zonal Distribution of Sacw off Cape Blanc- 
Northwest Africa 

bv 
Eberhard Hagen and- Rudolf Schemainda 

Institute of Marine Research, Eostock-Warnemhde 
German Demxratic Republic 

The hypothesis of isowcnal mixing is used in order to calcu- 
late the percentages of South Atlantic Central Water (SACW) with re- 
spect to North Atlantic Central Water (NACW) what surrounding it in 
the intermediate layer beteen density surfaces of 6t = 26.5/27.2 
along a zonal section at 2O010' N, Here, the SACW distributfon was 
"conserved" within an offshore distance of abut 370 km from the shore 
during two observation periods with a time lag of 10 mnths. The 
zonal SACW structure corresponds well to the zonal energy distribution 
of geostrophic meridional flow within this layer. 

tions are adjusted to the local shelf profile H(x) . Caused by this, 
a nearslope zone is formed by the condition (f/H) (dH/dx)/B> 1 where 
the "freezing" of the inner zonal structures was observed. 

It is concluded the intermediate geostrophic meridional m- 

Vertical Motion in the Eastern Equatorial Pacific Inferred fram Drifting Buoys 

bnald V. Hansen 
NOAA/AOML and University of Miami/CIMAS 

car1 A. Paul 
University of Miami/CIMAS 
Miami, Florida 33149 

bY 

Surface current measurements have been obtained from the eastern 
tropical Pacific Ocean by means of drifting buoys tracked by the NIMBUS and 
ARGG satellite systems since 1977. Upwelling velocity and transport ere 
estbted from the horizontal divergence of surface current fields obtained 
by optimum interpolation of overall and monthly ccffnposite data. 
upwelling velocity and transport in the region 1.5'N-1.5''SI 8O0W-13O"W are 
estimated to be 1.5 m da-1 and 32 x lo6 m3 s-l. 

Average 
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Permanence of an Eastward Surface Flow Near 2-3OS 
In the Equatorial Atlantic Ocean 

bY 
Ch. Henin and Ph. Hisard 

ORSToM/LpDA University Paris 6, 75230 Paris 5 

Direct current measurements made during the nine cruises of the 
FOCAL program evidence an eastward surface flow located near 2-3OS in the 
central and eastern Atlantic Ocean. 
of the themline and agrees well with geostrophy. 
the Equatorial Undercurrent but generally the two f l m  are distinct 
except during February 1984 when a general eastward drift 0ccur;ed in the 
equatorial area. 

Atlantic Ocean during GATE (Bubnov, 1980) and CIPREA (Voituriez, 1983) 
experiment and in the eastern equatorial Pacific Ocean (Leema, 1982). 
Historical ship drifts also suggest such an eastward surface flow which 
seems to ke a characteristic feature of the equatorial current system. 

It is related with a southward rise 
It is linked with 

Similar eastward flows were already observed in the equatorial 

Size structure of Phytoplankton and Nutrient 
Enrichment in the Equatorial Atlantic Ocean 

bY 
A. Herbland (*), A. Le Bouteiller (*) and P. Raimbault (+) 

(+) Centre d'0c6anqraphief Case 901, 13288 Marseille - France (*) Centre ORSTOM, B.P. 1386 BAKAR - S&&gal 

A study of the size structure of chlorophyll a (Chla) covering 
the major part of the equatorial Atlantic Ocean frm 5OR to 5"s leads to 
the conclusion that the seasonal nutrient enrichment in the open eastern 
equatorial Atlantic does not drastically affect the size distribution of 
the primary producers. 
in the Cl0 um fraction on the average. 

90% of the total Chla are everywhere contained - 
These new results confirm the previous suggestion that the 

structure of the food web would not change with the seasonal and geo- 
graphical variations in oceanic regimes. 
point of view, the term "upwelling" is misleading and the open equatorial 
(and probably tropical) Atlantic Ocean can be considered as a unique 
ecosystem. 

Therefore, from an ecological 
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Zonal Pressure Gradient Variabiltiy along the Equatorial Atlantic 
From October 1982 to August 1984 
~ 

bY 
Philippe Hisard and Christian Henin 

ORSToM/LPI1A, University of Paris VI, 75230 Paris 05 

Seven equatorial sections, overlapping the equatorial Atlantic 
(35OW, 28*W, 23OW, 4OW, P E  and 6”30’E), were occupied during eight 
surveys, from October 1982 to August 1984, on a three-month basis, as 
part of the FOCAL experiment. The CTD and Current-profiler data sets 
(from 0 to 500 m depth) allow us to address the question of the seasonal 
variations of the Zonal Pressure Gradient (ZFG) along the equatbr and 
tbt one of the related field of currents, giving to us also some elements 
abut interannual variability. 

A Theory of Wind-Driven Equatorial 
Upwelling and Undercurrent 

bY 

A Theory of Wind-Driven €3- 
Upwellha and Undercurrent 

DY 
Dunxin Hu and Yongxiang Li 
Institute of Oceanology 

Academia Sinica 
7 Nanhai Road Qingdao, PEOPLES REPUBLIC OF CHINA 

A 3-D, 2-layer -el with vertical and lateral diffusion taken 
into account is proposed to describe the upwelling and undercurrent which 
take place in the equatorial means driven by trade winds. 

Analytical solution for the model has been obtained. The results 
calculated show some main features analogous to those observed in the 
equatorial mens, such as the follawing. 

(1) The surface layer water is piled up in the western part of 
the equatorial Ocean, which results in sea surface tilting up fran the 
east to the west. 

(2) The pycnocline in the equatorial ocean tends to get much 
shallower when it goes eastward. 

(3) A westward current is formed in the uppermst layer and a 
jet-like eastward undercurrent lies in the pycnocline. 

(4) Upwelling occurs along the equator, much stronger in the 
east in concert with the pycnocline shallowing eastward. 
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The Association of Mesodinium Rubrum Blooms with the Uplling area 
Off Ecuador 

Roberto Jimenez and Pablo Intriago 
Instituto Nacional de Pesca, Casilla 5918, Guayaquil, Ecuador 

by 

During January 1984, some upelling water was found in the 
euphotic zone along the coast of Ecuador frm 1'20's to 2O3O'S. 

This water was characterized by a relative low surface 
temperature of 23OC and the presence of Mesodinium rubrum. 
centration of chlorophyll a was between 0.50 and 1.37 ug6l. 
of phosphate, nitrate, m n i a  and silicate fluctuated between 
to 0.35 ug-atel FO4-Pe1, 0.6 to 3.5 ug-at NO 461, 1.0 to 6.0 ug-at 
NH4-Nel, and 4.0 to 10.3 ug-at SiO,-Siel reshctively. 

b l m  of M. rubrum had developed, with dense patches, covering an area 
of one hundred miles, though the organism was spread over mre than two 
hundred miles along F e  coast. The maximum number of cells3within the 
patches was 7.6 x 10 cells,Li, andooutside of them 100 x 10 cells7l. 
The sea surface temperature was 26 C. The concentration of chlorophyll 
a varied between 0.5 and 140 q/l. The nutrient content was a h s t  
similar to the previous mnth. It was also found large concentration of 
smll Gymnodsnium sp., diatoms asd dinoflagellates being the rraximum 
of 900 x 100 cells/l, 700 X 100 cells/l and 950 X 100 cells/l, re- 
spectively. Microflagellates were an imprtant conipTnt of the 
phytoplankton comunity, in concentration of 100 X 100 cells/s, respectively. 
Microflagellates were an hpxtant cTpnent of the phytoplan ton com- 
munityo in c~ncentration of 100 X 100 cells/l extending along the coast 
fram 0 to 3 20's. 

The con- 
Th& levels 

0.03 

In February-March of t k  same year a large scale "red tide" 

A distribution and abundance of the phytoplankton species 
compsition was recorded in January and February-March, 1984. 

Linkage of Mudbank (Chakara) and Upwelling Off the Southwest Coast of India 
by 

P.S. Joseph 
Centre For Earth Science Studies, Cochin - 18. India 
Coastal upwelling off south-west coast of India and the mudbank 

As the mudbank formation is present 
formation at few coastal locations at southern tip of India take place 
during the southwest mnsmn season. 
only in this part of the world and it is associated with high fishery 
potentiality, a study of the possible interlink of the geographical 
distribution and fluctuations in the life span of mudbanks with the up- 
welling activity is conducted using historical evidences of these two 
processes. 
these two natural prccesses, the result hints towards some relationship 
between these two processes and the present result can be taken as a first 
step in this line. 

Though the studies revealed no concrete relationships between 

- 21 - 



Phytoplankton and Thermal Structure in the Tropical Ocean 
bY 

Marlon R. Lewis 
Department of Oceanography, Dalhousie University; Halifax, Nova Scotia, Canada 

Variation in the absorption of solar irradiance in the upper 
mean is strongly influenced by variation in izhe concentration of phyto- 
plankton. In optically clear tropical regions, where the clinntological 
mixed layer depth is shallow relative to the depth of significant pene- 
tration of irradiance ( h ~ 7 0 0 m m )  all year, such variation is pa'rticularly 
important for upper ocean thermal structure and dynamics. 
formities in vertical chlorophyll distribution associated with "wical 
Tropical Structure" can give rise to local heating rates that increase with 
depth; the vertical motions that may result are discussed. The penetration 
of irradiance through the mixed layer is a dwnward energy flux which is 
shown to be of the same order as that thought to be transported vertically 
by turbulent fluid mtions. 
and horizontally will result in variation in the vertical radiative energy 
flux out of the base of the upper mixed layer; it is suggested that this 
variability may be important for tropical and global heat budgets. 

The nonuni- 

Variability in sea-surface chlorophyll in time 

A Time-Dependent Model of Coastal Upelling 

Yongxiang Li and Dunxin Hu 

Peoples Republic of China 

bY 

Institute of Oceanology, Academia Sinica, 7 Nanhai Road, Qingdao 

A 2-D timedependent upwelling mdel in a coastal Ocean with 
inclined bottom slope, driven by wind is proposed with vertical and horizontal 
viscous terms, and sea surface topography taken into consideration. 
tain inclined bottom slopes in order of magnitude of thousandths, analytical 
solutions have been gained, making use of Laplace transform and Green 
function method. Usually observed and generally reccgnized vertical cir- 
culation pattern in a crossshore section can be well simulated by the 
solution obtained in the present paper. 

For cer- ~ 

I 
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Experiments and Observations on the Effects of Bottom Toposraphy on 
Coastal Upwelling 

bY 
T. Maxworthy and S. Narhusa 

Department of Mechanical Engineering, University of Southern California 
Los Angeles, CA 

We present new experimental data on the effects of bottom 
toposraphy on stressdriven, coastal upwelling. 
compared to a number of examples revealed by satellite or field obser- 
vations. It appears that the experiments may be useful in determining 
the characteristics of actual upwelling phenomena. 

These results are then 

EZodelling of the Equatorial Mixed Layer 

Peter Muller 

Roland W. Garwood, Jr. 

bY 

Department of Oceanography, University of Hawaii, Honolulu, Hawaii, USA 

Department of Oceanography, Naval Postgraduate School, Monterey, CA, USA 

The three-dehnsional structure of the equatorial mixed layer 
is mdelled by a bulk mixed layer d e l  that describes the penetration 
of turbulence generated by local atmospheric forcing and other processes. 
The model is driven by the surface wind stress and heat flux and by up- 
welling and horizontal advention. 
looked interaction between planetary rotation and the zonal wind stress 
which makes the mixed layer dynamics dependent on the wind direction. 
Steady state results describe well the observed zonal and meridional 
structure of the equilibrium mixed layer in the equatorial Pacific. 
rotation-stress interaction is crucial for explaining the zonal struc- 
ture with deep mixed layers in the central and western equatorial Pacific. 
Upwelling is crucial for explaining the meridional structure. 

The model includes a previously over- 

The 
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Forced Annual Respnse in the Equatorial Pacific Ocean 
by 

K. O'Neill, S. P. Hayes and D. Haipern 
Pacific Marine Environmental Labratory/NW 

Seattle, Washington, 98115 USA 

el Nino events appear to be an amplification of the seasonal 
cycle in the Pacific W a n ,  particularly in the eastern Pacific. 
response of the equatorial Pacific to the annual component of the zonal 
wind stress field is examined using a linear forced periodic &el. 
Respnses to annual forcing are compared to sea level, velocity,compo- 
nents and temperature (vertical displacement), where available. 

The 

Physical Control of Equatorial Productivity 
bY 

T. R. Osbrn 
Department of Oceanography, Naval Postgraduate School, Mnterey, CA 93943 

R. T. Barker 
Duke University, Marine Labratory, Beaufort, N.C. 28516 

J. Paralow 

V6T 1W5 
Department of Oceanography, University of British Columbia, Vancouver, B.C. 

Measurements of productivity and nutrient concentration in the 
equatorial region at llOo W show variable productivity but consistently 
high nutrient levels. 
with a diatom rich collection. 
diatoms are absent and micrcdiagellates are dominant. 
role of mixing and upwelling in population growth with a one-dimnsional 
model. The vertical eddy ccefficent is estimated from velocity micro- 
structure measuremnts. 
canpsition to the lower productivity is due to a substantial decrease 
in both the upwelling and the mixing. 
is associated with a weakening of the trace winds and a surfacing of the 
undercurrent. 

The relatively high productivity is associated 

We examine the 
During the times of low productivity, the 

The result indicate that the change in species 

The changed environment probably 
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The Distribution of Nutrients in Equatorial Atlantic: 
Vertical Motion, Vertical Turbulent Mixing and Zonal Advection 

bY 
C. Oudot 

Centre ORSTOM B.P. 1386 Dakar SQn6gal 
Tj- Morin 

L.O.C. U.B.O. 6, AV. Le Gorgeu 29238 Brest CQdex France 

In the Gulf of Guinea (4%), the equatorial upwelling, generated 
by the divergence of surface current meridional compnents, appears only 
in northern summer (June to September) south of the equator and exhibits 
a respectable enrichment in nitrate and phosphate at the sea syface. 
But at the equator properly so-called, the surface layer is enriched also 
in nutrients by the vertical mixing by vertical shear between the Equa- 
torial Undercurrent and the surface Equatorial Current. The zonal advec- 
tion from the African coastal zone, put forward to explain the equatorial 
fertility, does not agree with the observed surface distributions of 
nitrate. 

In the western equatorial Atlantic (35%), the seasonal surface 
nutrient enrichment does not appear in July and the surface layer seems 
to stay impoverished in nutrients throughout the year. There the them- 
cline is deeper and the upwelling does not seem sufficiently strong to 
bring up the nutrients to the lighted surface layer: then the activity of 
the prkry biological producers is reduced. 
thermocline occurs between 22 and 24%. 

The deepning of the 

Carbon and Oxygen Fluxes in the open Ocean 

T. Platt and W.G. Harrison 
Marine Ecology Laboratory, Bedford Institute of Oceanography 

Dartxmuth, Nova Scotia, B2Y 4A2 

bY 

Some of the problems associated with quantifying the biogenic 
fluxes of oxygen and carbon in the open ocean are reviewed. 
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Seasonal Variation of Potential Energy Indices Along the Southwest Coast 
of India 

bY 
K. Premchand 

Centre for Earth Science Studies, Regional Centre, Cochin-682 018, Kerala, India 

The orientation of the coastline and prevailing wind system 
coupled with the surface circulation are favourable for upwelling along 
the southbest coast of India during southwest monsoon season. 
in the potential energies from month to month during upwelling 'season are 
calculated for five sections along southwest coast of India. 
energy indices show a slight decrease from March to April. 
marked steepness from May to June for all sections, except the southern mst 
one, indicating that even though upwelling starts as early as March in 
deeper layers, the maximum changes take place frm May to June. 
onwards the indifjes do n8t show much variation. 
indices along 10 N and 8.50 'N fsonoticed. 
from April to May itself along 8 10'N indicates early ccmmencement of up- 
elling on the southern side. 
along the west coast of India, some suggestions for future studies are made. 

The changes 

The potential 
They show a 

From June 
Couble ma* of the 

The change in the PE indices 

Based on the gaps in the earlier studies 

Effects of El Nino on the Phytoplankton of the Eastern Tropical Pacific 
bY 

Blanca Roj as- de Mend iola 

Francisco P. Chavez 
Duke University Marine Laboratory, Pivers Island; Beaufort, NC 28516 USA 

Instituto del Mar del Peru, Apartado 224allao; Peru 

The eastern tropical Pacific is among the most productive regions 
in the world Oceans, however, periodically this high productivity is dis- 
rupted during El Nino Southern Oscillation episodes. The high productivity 
results from high rates of phytoplankton photosynthesis due to upwelling of 
primary plant nutrients into the euphotic zone. During El Nho there are 
dramtic changes in the physical, chemical and biological conditions in the 
eastern tropical Pacific and results fran cruises in March 1983 during the 
peak of the event and April 1984 when conditions had returned to norml, allow 
us to describe these changes. Time series observations from a coastal station 
and sampling operations before and during El Nho provide additional informa- 
tion on the changes which occur in the phytoplankton of the eastern tropical 
Pacific during these climatic episodes. 
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A Non-Linear System of Ocean-Amsphere Coupling 
by 

Jiuen Shi 
Beijing Institute of Meteorology, Western Suburb, Beijing, China 

Qinfang Zhou 
National Meteorological Center, Beij ing , China (PRC) 

The object of this paper is to study the relationahip of El Nina/ 
Southern Oscillation (ENSO) and monthly mean circulation at 50Q mb over 
Northern Hemisphere. Besides the utilizing the spectral analysis methods, 
a non-linear del--threshold auto-regressive model (TAR) in discrete time 
is used. The essential idea underlying the class of TAR is the piecewise 
linearizatim of non-linear models over the state space by the introduction 
of the thresholds. These models are lccally linear. 

TAR model for real data to analyse ocean-atmosphere interaction. 
The results are interesting. 

The Influence of Vertical Displacements on Biological Processes in 
Tropical Upwelling Systems 

Walker 0. Smith, Jr. 

Knoxville, TTJ 37996 USA 
Richard T. Barber 

bY 

Botany Department and Graduate Prcgram in Ecology, The University of Tennessee 

Duke University Marine Laboratory, Beaufort, NC 28516 USA 

The mechanisms by which biological processes are regulated in 
physically dynamic environments have only recently begun to be elucidated. 
Regulation operates on different scales, from the small scale (e.g., patch 
formation) to the large scale (e.g.! migration of fishes over basin-wide 
areas). Phytoplankton cmunities In upwelling regions are not only in- 
fluenced by chemical and biological interactions, but are dramatically im- 
pacted by a three-dimensional advective regime. 
tions, as defined by its growth and persistence through time, is often 
primarily controlled by the combined effects of particle sinking and its 
interaction with the physical field. 
system will be used to illustrate the interaction, and the possible operation 
of this interrelationship during ENSO events will be discussed. 

The "success" of a ppula- 

Examples are from a coastal upwelling 
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The Seasonal Heat Content in the Eastern Tropical Atlantic - 
J.M. Verstraete 

by 

ORSTOM, 24 rue &yard, Paris, France 

The upper Ocean heat content and sea level seasonal changes 
in the eastern tropical Atlantic do not depend only upon the vertical 
displacements of the shallow tropical thermline and changes in temp- 
erature and thickness of the tropical surface waters. These seasonal 
changes depend also heavily upon the changes in thickness of the South 
Atlantic central waters, advected to the east into the Gulf of Guinea 
through the three equatorial countercurrents, and polewards from the 
equator along the African shelf edge through the coastal countercurrents. 
The seasonal vertical expansion of the south Atlantic central waters is 
particularly studied off Abidjan; heat contents in the tropical sur- 
face waters and the south Atlantic central waters are canpared: Heat 
gain and loss between these t m  water masses seem to be in balance. 

Large-scale Aspects of Equatorial Upwelling 
bY 

Klaus Wyrtki 
Department of Oceanography, University of Hawaii, Honolulu, Hawaii 96822 

Equatorial upwelling is an Oceanographic feature of large 
scale and consequently has a pronounced influence on Ocean circulation 
and ocean-atmosphere interation. 
mass and heat balance will be critically reviewed, 
of advection and of the equatorial undercurrent to these balances will 
be discussed. 
central, and western Pacific will be outlined. The time dependence of 
equatorial upwelling is still insufficiently known, except on the 
annual and interannual time scale. Is equatorial upwelling spotty and 
intermittent? 

Our knowledge of its mechanism, its 
The contributions 

Differences of equatorial upwelling in the eastern, 

The consequences of equatorial upwelling are most pronounced 
in its interaction with the amsphere, leading to an asymmetry of 
atmospheric and oceanic circulation. 

Cross-equatorial heat transport is critically linked to 
equatorial upwelling, and is consequently dependent on the fluctuations 
of the wind field. 
equatorial upwelling. 

There are many remaining unresolved problems about 
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The Diagnostic Calculation of Equatorial Flows in the Eastern Part 
of the Western Pacific Ocean 

bY 
Yuan Yacchu and Wang Yaqin 

Second Institute of Oceanography, National Bureau of Oceanography 
Hangzhou, Zhejiang, 310005, PEOPLE'S REPUBLIC OF CHINA 

On the basis of observational data of the eastern part of the 
western Pacific Ocean between 160% and 165OE in the west-east direction 
and from Oo to 5% in the north-south direction (R/V Xianq Hong 09, 
January 3-March 4, and April 22-May 26, 1979), the diagnostic calculation 
of equatorial flow for this region are performed by using our model 
equations and computing scheme and methods. 
reflects the following important features: 1) An important driving force 
for the Cromell Current is the pressure gradient. 2) The nonlinear terms 
are essential in the dynamics of equatorial flows, thus they must be 

, considered. 3) If the coefficient of vertical eddy viscosity Az = const., 
A2 mst be equal or less than lo8 cm2/sec, then the orders of magnitude 
of the nonlinear terms are greater than orders of magnitude of the 
horizontal eddy viscosity terms. 
de nds weakly on the boundary conditions. 

The diagnostic model 

In such a case, the numerical solution 
We suggest that A2 = 5 x lo7 

cm !F /sec may be better. 
For the fitst cruise (January 3 - March 4 1979), the calculated 

results show: 
flows is the prevailing northeasterly wind field, an average uniform wind 
speed W = 6.3 m/sec. 
westward flows in the surface layers which cause upJelling near the 
equator. The hprtance of the steady wind stress in the upper layer (12Om) 
decreases with depth and it becomes unirrpprtant at the level of Z = 75 m or 
Z = 100 m. 2) 
equatorward flow; 
than its meridional cmpnent. The core of the undercurrent is in the 
thermocline and the maxim velocity of the undercurrent is 88-90 cm/sec 
at the level of Z 200 m. The core of the undercurrent shifts northward, 
because the wind with a southward component causes the northward displace- 
ment of the core of the undercurrent. We discuss briefly the deeper flows 
in this region. 
at each level will depend strongly on the density field, thus the density 
field, especially the density fieldin the deep layer, must be sufficiently 
exact. 

1) The primary driving force of the equatorial surface 

The steady westward wind produces the divergent 

The equatorial undercurrent is a strong eastward and 
the eastward component of the undercurrent is larger 

Finally, we empasize that the dolution of equatorial flows 
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