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PREFACE 

Ocean sc i ence covers a great diversity of envi ronments and requires 

correspondingly diverse methods of study. The ai m of the sci ence. however. is 

to display the underlyi ng coherence in the processes that dri ve the physical. 

chemical and biological systems i n  the ocean. Achi ev i ng thi s aim requires a 

knowledge the dynamics of these systems over  a wide range of space and t i me 

scales from l ocal. short-tenm episodes to long-tenm. global changes. These 

la rger conceptual patterns are emerging and wi ll be of great s i gni fi cance not 

only for ou r basic understanding but for many appli ed is sues. To develop and 

test these concepts wi ll requ i re the correct balance between theory and 

observation. and this i n  turn demands the most effective deployment of the 

methods needed for these studi es. 

In this context. the Ocean Sciences Board has organized studi es of 

certain major resou rces that are critical for the future progress of ou r 

research. These stud i es examine manpower. computers. remote sensing and 

resea rch shi ps. Together. they should provi de one bas i s  for the most 

effi cient use of ou r financial resou rces. These studies can also be vi ewed as 

a framework within which ou r futu re scientific programs wil l  develop. 

The rapid emergence of geophysical fluid �nami cs as a separate 

theoretical disc ip l ine has had a profound effect on the interplay of theory 

and observati on concerning the ocean. The greatly expanding need for large 

11numerical experiments .. complements the increasing capability to obtain denser  

data sets from the ocean us i ng shi ps and satellites. Thus Ocean Ci rculation 

Modell i ng is an essential component of progress. not onl y  i n  oceanography. 

but for our understanding and management of the ea rth as a system. 

This report sets out the requirements for la rge computi ng resources based 

on the scientific needs for the decade of the 19ao•s. 

vi 
John H. Steele. Chainman 
Ocean Sciences Board 
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FOREWORD 

Thi s  report documents the probabi l i ty of a signi ficant shortage by 1984 ;n 

the avai labi li ty of computer  resources for ocean circulation modelling. 

Computers are the modern tool with which scient i sts calculate answers to problems 

in all fi elds of inquiry. In the natural sciences it is st raightforward to pose 

extens i ve and compli cated calculations that must be done on la rge-scale 

computers. Such disci pli nes as p�ysics. chemistry and meteorology have 

effectively used each new generati on of fast computers to improve understand i ng 

of nature. generate hypotheses and make laboratory data meaningful. In 

pa rt i cular. meteorologists have gained new understandi ng of atmospheri c dynami cs 

and appli ed thei r knowledge to improve weather forecasts. Oceanographers are now 

propos i ng to expand their use of high speed computers to increase their physi cal 

understand i ng of the ocean and to apply i t  to problems i n  climate. fishery 

management. long-range weather predi ct i on and management of ocean resources. 

It should be recognized that phys i cal oceanography and meteorology are 

s i ster sci ences s i nce both deal with a part of the Ea rth•s fluid envelope. Our 

understand i ng of these geophysical fluids i s  undergoing a revolut i on because of 

the ava i lability of fast. large computi ng capabi li ty. The natural physical 

systems have large numbers of degrees of freedom and compli cated interact i ons 

between different ti me and space scales. Ocean modelling can advance rapidl y in 

the decade of the 198o•s in a fashion corresponding to the pi oneering work of 

meteorologists. 

Histori cally. European and Ameri can scientists have been predi cting storm 

surges since the fi rst computers were available following World Wa r I I. Each 

country borderi ng the North Sea has a team of storm-surge modellers that use 

computers and the weather forecast to predict ti des and storm surges along the 

coastli ne. In the United States a small dedi cated group of scientists cont i nue 

vi; 
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to improve models to predict the hurricane storm-surge and its effect on manmade 

and natural coasta l  structures. 

In the 1960's a few oceanographers in government meteorological 

la boratories and universities began seri ous development of la rge-scale ocean 

models. The lack of sufficient ocean data to compare with the calculati ons 

was a se rious problem. Modellers were prone to exaggerate the comparability 

of their results to the existing data. To some extent the same bias exists 

today. An example is the tendency to claim success when one has achieved 

simple comparisons , such as the correct order of magni tude of the transport of 

western boundary currents. 

The International Decade of Ocean Exploration in the 1970's greatly changed 

theoretical oceanography. Several large multi-investigator projects brought 

together observati onists and applied mathematicians. Examples are CUEA , ISOS , 

MODE , NORPAX and POLYMODE. These projects collected extensive data in coastal 

upwelling regions , the Antarctic Circumpolar Current, North Atlant i c  and the 

North and Equatorial Pacifi c. Each data set showed us that our earlier 

theoretical models were inadequate to explain the observed time and space 

variability. Each project encouraged the creation of numerical modelli ng groups 

to explain the complicated phys i cs of the region under study. In the late 

1970's , it was recognized that ocean circulation models were needed to understand 

climate and provide predictions for naval operations. In order to improve medium 

range weather forecasts and short term ( 3-6 months ) climate forecasts , the role 

of the ocean must be understood. This can only be accomplished in a satisfactory 

manner with large-scale, coupl ed atmospheric-ocean models. Adequate models of 

this type do not exist at present. The u.s. Navy has encouraged the enhancement 

of ocean modelling in order to explore the poss i bili ty of an envi ronmental 

pred i ctive capabili ty for fl eet operations. 

v1fi 
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Many ocean resource management probl ems may be more clea rly understood 

through the appli cation of selected ocean circul ation problems. Examples are 

ocean dumpi ng ,  ocean pollution , management of fisheri es ,  search and rescue , 

mari ne meteorology , and ship-rout i ng. 

The Commi ttee is convinced that there is a clas s  of extens i ve ocean 

circulation models that will increase  our basic scientific understanding 

of the ocean and as s i st in selecting sol utions to national problems. In 

addition , these cannot be done on small computers. Ocean nume�cal modelling 

ha� Ncently becone an imponant pan of ocean science and plays today an 

essential ?'Ole in the ad»anoe of the science itself. This report documents the 

need for increased computing resources to make such an advance possible. 

We wish to acknowledge the support and encouragement of our corresponding 

members and the data provided by numerous oceanographers in the Uni ted States. 

Also we appreciate the facili ties and staff help provided by Harvard University , 

the Univers i ty of Texas and the Ocean Sciences Board during our commi ttee 

meetings. I also thank Ruth Pryor and Pat Teaf for their excellent professional 

staff as sistance and Bert Semtner for his assistance in completing this report. 

i x 

James J. O'Bri en 
Chairman 
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EXECUT IVE SUMMARY 

The ad hoc Ocean Sciences Board Committee on Computing Resources and 

Facilities for Ocean Circulation Modelling was as signed two tasks in late 

1979 : 

Task 1 -- To identify on the basis of scientifi c  needs the computing 

activities for the decade of the 1980's for ocean dynamics and 

circulation modelling and to estimate the resources required. 

Task 2 -- To recommend mechanisms for providing the required computing 

resources identified in Task 1. 

The Committee was composed of theoretical physical oceanographers , 

atmospheric modellers and two experienced computer center managers. Th ree 

meetings were held. It was apparent at the fi rst meeting that the members of 

the committee all recognized the exciting scientifi c  opportunities in 

understanding ocean circulation that are made available only by the use of 

numerical models. 

First Finding 

1 • Ocean runencal. model.l.ing haJ 1'6Centl.y becane an 

1mponant pan of ocean science and pl.ays today an 

essential. 7'0l.e in the �ance of the science itsel.f. 

There are increasing national interests in understanding and utilizing 

the ocean. The Federal and state Governments need guidance for the management 

of fi sheries and the cont rol of ocean dumping and pollution. The Navy , Coast 

Guard and commercial interests need advice on ocean variability in such 

operations as ocean r�source management , ship-routing , search and rescue , and 

naval operations. 

1 
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Second Finding 

8. 7'he-,.e a7'e imponant national. p?tOgNIIB i1'1Jol.ving ocean 

science that -,.equiN an ODcel.eflated deuel.opnent and 

application of ocean models. 

The Committee made their own as sessment of the available computing 

resources in the United States and concluded that additional resources were 

needed. A survey of u.s. experts supported this conclusion. However, there 

was one surprise. 

Third Finding 

3. A su"'ey of the ocean model. ling camrunity indicates 

that planned carrpute7' NBOUJ'Ces r4it.t. be adequate fo.,. 

the needs of fede7'al t.aboflatof'ies in 1.984 in the 

sub-aNa of scientific ocean modelling. 

On the other hand, the academic portion of the ocean modelling community, 

defined as uni versity and college researchers including ocean modellers at the 

National Center for Atmospheri c Research , expect to experience a dramatic 

shortage of available computer resources for the scientific calculations they 

plan to perform. There are very important scientific problems that are 

capable of solution that cannot be solved any other way. 

Fourth Fi nding 

4. 7'he sane su"'ey indicates that the p7'0jected conputing 

7'eBOU7'Ces of the ODodeni.c ocean modelling camrunity 

b1i.l.t. fal.t. shon of thei7' p7'0jected needs in 1.984 by a 

f ODto7' of 8 # and lA1i t.t. fat. t. s hon of a s cientif ical.t. y 

fef.Bibt.e and desi7'abl.e l.tll)el. of use by a !ODt07' of 4. 

2 
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The Committee supports the idea that our knowledge of the ocean must 

continue to increase. Since ocean modelling is a v itally important activ i ty 

in developing new knowledge and understanding , an effort should be mounted to 

lessen the shortage of computer  resources. Specifi cally : 

Fi fth Finding 

6. 'l'o ensuN the �ancenent of ooeanog-,.aphy t.B a 

soienoe� theN is a 
.
Nqui:rwnent fo.,. a olt.Bs 6 oanpute.,. 

facility by l984. 

The Committee was also concerned wi th the ava i lability of manpower i n  

ocean modelling. An as sessment was made of available people and of the rate 

of growth in this speciality field. We were pleased to discover that: 

Sixth Finding 

6. I'heN haJ been a doubling of lh.D. ooean model'Le'f'B in 

the pt.B t 6 yeaN � and the.,.e a:is t8 nolA7 adequate 

manpolc)B.,. fo.,. effeotwe utilisation of nell7 oanpute.,. 

It was determi ned that these new Ph. D.'s have advanced mathematical and 

statistical tra i ning to appreciate and to use effectively the results of ocean 

model studies for sci entific advancement. 

3 
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Based on the findings, the Committee was able to summarize its 

recommendations as follows: 

Recommendation 1 

1 . In vie1.11 of the saope and magnitude of the needed 

aonputation 7'88 OUNes # w T'eaarrnend that the T'e8 OUNes 

of a al.ass 6 SliJten o.,. equwat.ent be establis hed fo.,. 

oaean modet.l.ing T'eSeaNh. It should be a aorrputing 

7'es ouNe acaess ibl.e f 07' use on a s aientif ia mef'it 

bas is by the entiTle acadsnia oaean modet.l.ing aarrnunity 

of the United States • 2'he at l.oaation of the T'e8 OUNes 

should be the T'e8ponsibil.ity of the oaeanog7'Q{)hia 

acmnunity. 

Recommendation 2 

2. rlheT'eas adequate T'e80U7'aes aT'e not no1.11 t:l)ait.abl.e 07' 

being p tanned# and in v ie1.11 of the lead time NquiNd 

in thei7' acquisition# w T'eaarrnend that planning begin 

7Jithout delay to p1'01Jide the neaessa7'11 aonputing 

We do not recommend a specific location for this new computer resource. 

The facility should be located at an appropriate center that 1s 

experienced in large scale computing. Several university sites and national 

laboratories are obvious candidates. 

4 
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INTRODUCTION 

The search for understanding of nature has always been driven by two 

motivations. We want to be able to explain our Universe in simple terms. Why 

does it rain? Why are waves created when the wind blows? Why does high tide 

occur at different times in different places? We also want to solve economic 

and social problems. Can we predict when it will rain? Can we direct ships 

to avoid uncomfortable seas? Can we warn coastal communities of unusually 

high sea level? Each theoretical answer has practical consequences. The 

ocean has always fascinated mankind. History documents the centuries of 

intellectual inquiry through which we have tried to explain our observations 

of the ocean. The 1980's will be no exception. During the 1970's, the 

International Decade of Ocean Exploration, the scientific community has had a 

unique opportunity to obtain vast quantities of data that have raised 

numerous new questions about the ocean's behavior. We have discovered that 

the deep ocean is not quiescent. We have learned that, like the atmosphere, 

the ocean contains 11Storms11, commonly called mesoscale eddies or rings. We 

have found that seasonal variations in near Equatorial winds create enormous 

variations in currents and temperatures thousands of kilometers away with 

time-delays of a few months. We have discovered that charts that show 

surface currents in one direction are hiding deep strong currents transporting 

water and its contents in the opposite direction. We have discovered that 

well-known currents disappear when we look during a certain time of year. The 

list of new discoveries is almost boundless. 

The observation that the deep ocean is not still has an impact on 

international decisions to dump waste in the ocean and the environmental 

5 
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effects of oceanic industry. The mesoscale eddies raise questions regarding 

ocean heat transport and its role in detenmining climate variations. The 

equatorial low-frequency long-distance teleconnections mean that managers of the 

Peruvian fisheries need to understand the weather near the Gilbert Islands. The 

European fisheries in the Gulf of Guinea may need to cooperate with the 

Brazilian meteorologists. We would not be surprised to find material 

transported in the "wrong" direction or ships encountering strong currents where 

none were known. For each industrial, recreational or defense use of the ocean, 

new data are required; new understanding needs to be sought. The new data bases 

from ships, moorings, satellites and other platfonms have posed many new 

questions while answering few of the old ones. 

Oceanography, as all natural sciences, progresses by discovery of ideas and 

invention of tools. The history of science is interlinked with the closely 

coupled system of instrument, data, idea and theory. There are discoveries in 

oceanography due to theory. But they are rare. Usually, we have an 

observation; such as there is a Gulf Stream; then we collect data on the 

current; then a theoretician tells us why there must be a Gulf Stream. However, 

the theory doesn't tell us everything we can observe. Usually, the theory is 

linear and can be handled with classical mathematics. Unfortunately, the ocean 

is turbulent and, consequently, non-linear. If we desire further understanding, 

it is necessary to use computers for our calculations. Even if the model is 

linear, we need to resolve the scales of the ocean currents and the actual shape 

of the basin which requires extensive computer power. 

It is trivial to state but fundamental to recognize that the ocean moves. 

Therefore it transports from location to new location, from bottom to top, its 

contents. It transports heat, salt, C02, oxygen, living things, dead things, 

waste, minerals, gases, etc. There was a time when it was fashionable to 

6 
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believe that except for tides and waves, the currents of the ocean were 

independent in time. One could put a note in a bottle and send it to an unknown 

place. If you learned that the bottle arrived, you could repeat the experiment. 

It is now well known that this is not true. The space and time variability of 

ocean currents, rather than the steady flow, is the dominant feature. The 

variability of oceanic phenomena cannot be adequately understood without 

extensive calculations using modern computers, and without an understanding of 

the motion, one cannot expect to understand such phenomena as the life in the 

ocean or the ocean's role in climate. 

A recent National Academy of Science report entitled, "Workshop on Ocean 

Models for Climate Research, " describes many on-going ocean modelling activities. 

In the present report in Appendix 0 we discuss the potential application of ocean 

models for national needs and Appendix E reviews several types of ocean models. 

The reader must have asked by now: Why giant, expensive computers? The 

answer requires some explanation. In comparison to the atmosphere, the ocean 

space variability exists on smaller space scales, but the time variability is 

longer. An atmospheric mid-latitude cyclone has a horizontal scale of a few 

thousand kilometers and lasts a few days. An oceanic Gulf Stream Ring has a 

horizontal scale of several tens of kilometers and can exist for a few years. 

Therefore, an ocean modeller needs smaller grid sizes and more time steps to 

simulate the ocean. 

Numerical models idealize the environment by dividing up the ocean region to 

be modelled into horizontal and vertical grid boxes. Each variable such as 

velocity, temperature, or salinity, has one value for each timestep in each 

box. The reader might wish to calculate how many boxes of size 10 km x 10 km 

x. 1 km are contained in the North Atlantic. The size of each box should be 
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detenmined by the expected horizontal scale of variability to be modelled. 

However, in both meteorology and oceanography it is often determined by the 

the speed and capability of the available computer resources. 

The numerical approximations of the partial differential equations 

describing the physics and chemistry of the ocean reduce the equations to 

non-linear algebraic equations. The equations link dependent variables for 

each box with the behavior at neighboring boxes. If a model has, say, 6 

variables and there are 104 boxes, we must solve 6 x 104 linear algebraic 

equations at each time step. 

Can we take a very large time step? The answer is no. Information 

theory tells us that a parcel of water or a wave crest may not pass any grid 

box during one timestep in our calculations. Stability analysis theorems 

demonstrate that the calculations are absolutely unstable if we violate this 

principal. The calculations "blow up", 1. e. , infinitely large oscillations 

occur. In simple terms the product of the fastest speed in the model times 

the timestep must be less than the distance between boxes. For many problems, 

ocean modellers filter out very fast waves such as sound waves and external 

gravity waves. The resulting models are so-called primitive equation models. 

If we filter out internal gravity waves, we obtain quasi-geostrophic models. 

There are other classes of models. For calculating the weather in the ocean 

and the currents, one typically uses a timestep of 1-10 hours. The number of 

timesteps in typical models 1s 103-105 timesteps for one calculation. 

The simplest formula for calculating the amount of computer time for a 

particular model is: 

Computer Time = No. of Grid Boxes 

x No. of Time Steps 

x No. of Operations per Grid Box per·Time Step 

+ No. of Operations per sec. 

8 

Copyright © National Academy of Sciences. All rights reserved.

Assessment of Computational Resources Required for Ocean Circulation Modelling
http://www.nap.edu/catalog.php?record_id=19556

http://www.nap.edu/catalog.php?record_id=19556


Let t hi s  be rewri tten 

Computer Ti me • G x T x 0/S 

Suppose we have G • 104 boxes and T • 104 t i mesteps . I t  can be shown 

t hat for a three d i mens i ona l model . 0 ,  the number of operat i ons  per gri d box 

per t i me step i s  2000-3000 , depend i ng on the number of va ri abl es and number of· 

phys i ca l  processes conta i ned i n  the probl em . S i s  ou r computer speed . At 

many uni vers i ty computer centers , S • lxl06 operat i ons  per second . A mode rn 

c l ass  6 mach i ne ( 1 ) , S • 100 x 106 operat i ons  per second . ( 2) For ou r sampl e 

probl em ,  one run at a good un i vers i ty computer center  takes 5-6 hours , whi l e  

on the fast machi ne we use 2 mi nutes . Cl ea rl y , we cannot do ma ny ca l cu l at i ons  

t hat requ i re severa l hours per run . 

I n  th i s report we summa ri ze the est i mates of the ent i re u.s. theoret i ca l  

oceanograph i c  communi ty wi th  rega rd t o  thei r projected and des i red requ i re­

ments for 1984 . We expect that each sci ent i st has done a ca l cu l at i on s i mi l a r  

t o  the above to reach h i s project i on .  

The ent i re u.s. ocean model l i ng commun i ty was su rveyed to a rri ve at an 

est i mate of present resou rces and futu re requ i rements .  The ha rdware needs and 

t he ava i l abl e manpower were assessed . We di d not i nc l ude resou rce requ i re­

ments for ana ly z i ng very l a rge data sets from remote sen s i ng  experi ments 

planned for the l ate 1980's . These needs a re even more computer ori ented than 

t he model l i ng efforts . We have , however , rev i ewed the ava i l abl e computer 

technol ogy to assess futu re changes in computer confi gu rat i on and performance . 

Footnote 

( 1 )  A cl ass  6 machi ne i s  a computer wi th  speed exceeding  50 mi l l i on fl oat i ng 
operat i ons  per sec and usua l l y  has a hi gh  speed memory of at l east 1 
m i l lion words . 

(2) The term MI P S , or mi l l i on of operat i on s  per second , was used for opera­
t i ona l  speed of sequenti al  computers or sca l a r  mac hi nes . Modern cl a ss  6 
computers use MFLOPS or mi l l i on of fl oat i ng poi nt i nstruct i ons per second . 
These vector process i ng machines compl i cate the estimat i on of computer 
time s i nce speed depends crit i ca l ly  on compute r code st ructure . 
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PRESENT AND FUTURE RESOURCES AND REQU I REMENTS 

The pri ma ry task of the Commi ttee was to est imate and to eva l uate the 

computat i ona l resou rces needed to susta i n  sci ent i fi cal l y-des i rabl e progress  i n  

ocean dynami cs and ci rcu l at i on model l i ng duri ng the decade of the 1980s . Of 

pa rt i cu l a r  concern was a determi nat i on of any di screpancy between the computi ng 

resources requ i red by the commun i ty of theoret i ca l  oceanographers and the 

resources ava i l abl e to them from present and pl anned fac i l i t i es .  Est imates 

were therefore needed not on ly  of the ant i c i pated future l evel of oceanograph i c 

model l i ng act i v i t i es .  but a l so of the projected ava i l abi l i ty of resources for 

t hese act i v i t i es .  In  deri v i ng the l atter est imates . account has been taken of 

advanced technol ogy opt i ons  wh i ch mi ght be ava i l abl e for l a rge-sca l e  sc i ent i fi c  

comput i ng i n  the 1980s ; th i s  topi c 1s d i scussed fu rther i n  a l ater sect i on .  

( A ) Estimates of computer resource needs 

The Commi ttee i t sel f was compri sed ma i n ly  of experts  i n  vari ous 

aspects of ocean model l i ng .  At its fi rst meet i ng i n  November 1979 . the group 

d i scussed the types of probl ems i n  ocean sci ence for wh i ch numeri ca l sol uti on 

techn i ques were needed and the resu l t i ng requi rements i n  terms of computer 

resources . The prel i mi nary conc l us i on was that a substant i a l  fract i on of a 

c l ass 6 computer system cou l d be justi f i ed and ut i l i zed for the sol ut i on of a 

broad range of oceanograph i c  probl ems . I n  order to refi ne further thei r own 

est imates wi th  i ndependent data . the Commi ttee deci ded to pol l di rect ly  the 

communi ty of ocean  model l ers . An i n i t i a l l etter of i nqui ry was ma i l ed i n  

November .  1979 . to 32 representat i ves of i nst i tut i ons and/or groups wh i ch a re 

p resent ly  i nvol ved i n  ocean dYnami cs and model l i ng .  The l etter requested the 

fol l owi ng i n format i on: (1) the approx imate number of fu l l t ime equ i va l ent 

( FTE ) ocean model l ers i n  the respondee's group . department . or i nst i tut i on ; 
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( 2) est imates of computer resou rces current l y  bei ng used and needed i n  futu re 

for the group's research ; and (3) the l ocat i on and type of the mach i nes on 

whi ch th i s  resea rch i s  cu rrent ly  bei ng ca rri ed out . 

A second l etter i n  March 1980 was sent to cl a ri fy further the terms i n  the 

ori g i nal  su rvey and to g i ve the respondi ng groups a chance to modi fy thei r 

est i mates . The groups were a l so  adv i sed of the Commi ttee's i ntent i on to 

document thei r fi na l report wi th  the est imates prov i ded by i nd i v i dual s and 

i ndi v i dua l  i nst i tut i ons . On the bas i s  of a tota l  of 31 res ponses , i ncl ud i ng 

new or corrected i n format i on recei ved i n  res ponse  to the second l etter , a fi nal  

data ba se on computer resource needs in  oceanography was compi l ed .  The com­

pl ete resul ts  of th i s  compi l at i on ,  gi ven i n  Appendi x  A, are summa ri zed bel ow . 

To gi ve a breakdown of the ant i ci pated future effort i nto di fferent 

oceanographi c resea rch areas , resou rce need est i mates were requested for each 

of severa l ocean model types : c l i mate and coa rse-resol ut i on ocean i c genera l 

c i rcu l at i on model s ( OGCM/c l i mate ) , quas i -geost roph i c  and pri mi t i ve equat i on 

eddy-resol v i ng genera l ci rcul ati on model s ( EGCM) , and regi onal /process model s 

( i ncl ud i ng model s of the equatori a l  and coastal  reg i ons ) .  Resource est imates 

for convent i onal  data process i ng and other uses , such as pol l ut i on stud i es , 

t racer stud i es and observ i ng system tests , were al so tabu l ated . No est i mates 

of computer resou rces for data ana lys i s of satel l i te systems were requested , 

s i nce the Commi ttee fel t thi s was not part of i t s  task . Some of the model l i ng 

a reas necessar i l y  overl a p ;  the appropr i ate cl ass i fi cat i on of work wi th i n the 

model categori es was l eft to the i nd i v i dual  respondees . Fu rther di scuss i on of 

the sci ent i fi c  probl ems associ ated wi th each model cl ass , a s  wel l a s  some 

assessment of computat i ona l requi rements , i s gi ven i n  the appendi ces . For each 

model cl ass , the fol l owi ng est imates were requested:  ( 1 ) the present l evel of 
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computer use , (2)  the projected usage for ca l endar yea r 1984 , and (3) the 

des i rabl e l evel of usage ( i n  1984 ) for ocean model l i ng resea rch cons i dered to 

be genu i nely val i d  but l i mi ted by resou rces . As defi ned i n  the second ma i l i ng,  

"des i rabl e" was taken to mean "sc i ent i fi ca l ly  des i rabl e and  feas i bl e  for you r 

g roup , i ncl ud i ng i ntended manpower changes and assured computat i onal  resources 

on a cl ass  s i x  mach i ne . •• 

The responses to the survey have been tabu l ated i n  Appendi x A as a 

funct i on of model category accord i ng to present , projected ( 1984) and des i rabl e 

( 1984 ) comput i ng requ i rements .  I n  the case of a group us i ng more than one 

computer , the net usage i s  expressed i n  un i ts of CPU hou rs per year for the 

h i ghest l evel computer ment i oned . Total  usage at each i nstal l at i on ha s been 

converted to CRAY-1 hours s i nce th i s communi ty i s  fami l i a r  wi th  the NCAR 

CRAY- 1 .  I n  performi ng these convers i ons , we have used the factors l i sted i n  

Append i x B .  

Cumu l at i ve usage a t  a l l i nst i tuti ons i s  shown i n  Tabl e 1a ; for pu rposes 

of l ater compari son wi th ava i l abl e computat i onal  resou rces , the separate 

components of usage at federa l l aborator i es and at uni vers i t i es 

( i ncl udi ng NCAR ) a re shown i n  Tabl es 1b and 1c . The l atter tabl es show 

approx i matel y equa l  resou rce needs i n  federa l  l a boratori es and uni vers i t i es 

a fter summi ng over model categori es . As the overa l l usage est i mates i nd i cate 

( Tabl e 1a ) , projected usage for ocean dynami cs and c i rcu l at i on model l i ng i n  

1984 i s  more than twi ce a s  l a rge as present l evel s .  Fu rthermore , ach i ev i ng a 

"des i rabl e" l evel of ocean model l i ng resea rch w111 requ i re a fi vefol d i ncrease  

i n  computer resou rces for oceanography between now and 1984 . The di spari ty 

between the "p rojected" and "des i rabl e" categori es a l so  i ndi cates that ocean 

model l ers are l i mi ted ,  or bel i eve that they a re l i mi ted , i n  thei r future 
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Tabl e 1 .  Present , projected and des i rabl e resou rce needs for ocean  
c i rcu l at i on model l i ng (un i ts : cpu hou rs/yea r on a cl ass  
s i x  system) 

( 1a ) 
Usage at all Installations 

Present ProJected Des i rabl e 

OGCM/Cl i mate 260 1167 2587 
EGCM 309 643 1222 
Reg i ona l /Process 615 1368 2462 
Data/other 324 926 1332 

TOTAL 1508 4104 7603 

( 1b )  
Usage at Fede.,.al Labomtof'ies 

Present ProJected Des i rabl e 

OGCM/Cl i mate 1 57 659 814 
EGCM 68 197 197 
Reg i ona l /Process  266 763 1351 
Data/other 250 773 1102 

TOTAL 741 2392 3464 

(lc )  
Usage at UniVe.,.sities and �AR 

Present ProJected Des i rabl e 

OGCM/Cl i mate 103 508 1773 
EGCM 241 446 1025 
Reg i ona l /Process  349 605 11 1 1  
Data/other 74 153 230 

TOTAL 767 1 7 1 2 4139 
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resea rch by the avai l abi l i ty of computat i ona l  resources . The extent to wh i ch 

th i s i s  the case wi l l  be exami ned bel ow .  

Tabl e 2 shows the number o f  i nsti tut i ons a n d  assoc i ated FTEs whose 

present , projected and des i rabl e resource need est i mates fa l l  wi th  the nomi nal  

i nterva l s 0-25 ,  25- 100 , 100-200 , 200-500 , and >500 cpu  hours per yea r .  Thi s  

breakdown i nd i cates that the majori ty of i nst i tut i ons  present ly  use l ess  than 

25 (c l ass-s i x ) cpu hou rs/yea r each . I f  computat i ona l resources were adequate 

to accommodate the "des i rabl e" l evel of ocean model l i ng act i v i ty i n  1984 ,  it 

i s  est i mated that the promi nent peaks  i n  i nst i tut i ona l  usage woul d  occur  i n  

the (25- 100) a nd ( 200-500 ) cpu hou rs /yea r i nterva l s .  

( B ) Est i mates of computer resou rce ava i l abi l i ty 

Present and projected resources ava i l abl e for use by the oceanograph i c  

model l i ng communi ty are tabu l ated i n  Tabl e 3 ;  resou rces ava i l abl e for 

model l i ng at government l aboratori es ( 3a )  and  at academic depa rtments (3b )  a re 

separately l i sted . These fi gures have been prov i ded by Commi ttee members from 

the l i sted i nst i tut i ons (or  by consu l tat i on wi th  appropri ate correspondi ng 

members of thi s commi ttee )  and refl ect commi tted i ncreases i n  computer power 

and/or l a rger fract i onal  a l l ocat i ons to oceanographi c projects .  I n  addi ti on, 

an i ncrease i n  l oca l comput i ng capabi l i t i es of one-ha l f has been ass i gned to 

the un i vers i t i es as  a resul t of expected hardwa re upgra des and a genera l 

i ncrease i n  ocean model l i ng act i v i ty .  

At present, i n  add i ti on t o  resources ava i l abl e l ocal ly  at un i vers i t i es ,  

resources for ocean model l i ng i n  the aca demi c commun i ty are made ava i l abl e 

predomi nant ly  by two fac i l i ti es : the Nat i onal  Center  for Atmospheri c Resea rch 

( NCAR ) and the Goddard Laboratory for Atmospheri c Sci ences . As shown i n  Tabl e 

( 3b ) , present a nd projected resources for academi c resea rch i n  ocean dynami cs 

a nd ci rcu l at i on model l i ng total  700 and 1000 cpu hou rs /yea r ,  respect i vel y .  
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Table 2. The numbers of institutions/FTEs with 

resource need estimates w1th1n the 

g1ven interval. 

cpu h�urs/year 

0-25 25-100 100-200 200-500 >500 

Present 16/72 12/89 1/6 2/12 0/0 

Projected 9/41 11/63 "6/34 4/34 1/6 

Desirable 5/19 12/56 3/33 8/52 3/ 19 
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Table {3a) 
Resou�ces availabl� fo� ocean modelling 

at fode�az laboratories 

Presen t Projected 

GFDL 430 1260t 

DOD 75 270 

GLAS 110 490 

OTHER 85 380 

TOTAL 700 2400 

Table {3b) 
Resou�ces available fo� ocean model.Ung 

at universities and NCAR 

Universities 

NCAR 

GLAS 

TOTAL 

Present 

135 

500 

65 

700 

Projected 

200 

500 

300 

1000 

t1260 cpu hours/year is equivalent to 

15 perc ent of a {1.5 class six) sys­

tem, and represents the panel's esti­

�te for the power of the 

anticipated GFDL system. November 1980. 
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The ana l ogous cumu l at i ve fi gures for oceanog raph i c model l i ng at government 

l aboratori es a re 700 and 2400 cpu hours/yea r .  Note that , whi l e  resou rces for 

ocean model l i ng at federa l  i nsta l l at i ons a re expected to more than tri pl e, 

resources for academi c oceani c model l i ng work a re not expected to i ncrease  

great l y .  

Compa ri son o f  Tabl es 1 and 3 - showi ng  the est i mated computat i ona l needs 

versus the expected resources - i ndi cates a substant i a l shortage i n  comput i ng 

resou rces by 1984 . Tabl e 4 g i ves the rel evant fi gures . Al though some shortage 

wi th  respect to "des i rabl e "  oceanograph i c model l i ng at federa l  l aboratori es i s  

i nd i cated , ou r su rvey suggests that planned compute� �eou�cee will bB adequate 

fo� the neede of fedeml labomto-M.ee in 1984 in the a�ea of scientific oc:tean 

modelling. The s i tuat i on for the academi c commun i ty i s  l es s  promi s i ng .  The 

figures presented here i nd i cate that resou rces for oceanograph i c model l i ng at 

academi c  i nst i tut i ons wi l l  be i nadequate to support not on ly  the "des i rabl e "  

l evel of model l i ng act i v i ty but a l so  the more modest .. projected " resea rch 

l evel . In pa rt i cu l a r ,  the proJected computing �sou�es of the academic oc:tean 

modelling community will fall sho� of thei� proJected needs in 1984 by a 

facto� of 2� and witt fall sho� o.f a scientifically feasible and desimble 

level of use by a facto� of 4. The i nd i cated shortage i s  approx i mately 

equ i va l ent to the resource prov i ded by a l a rge fract i on of one cl ass  6 

comput i ng system . 

Whereas government faci l i t i es expect to grow to accommodate a two-to-four­

fol d  i ncrease  i n  thei r oceanograph i c model l i ng ,  we concl ude that the academi c 

model l i ng commun i ty can presently expect on l y  a sma l l and i nadequate i ncrease 

i n  the tota l  resources ava i l abl e to i t .  To ensu�e the advancement of 

oceanogm.phy as a scienee� the�e is a Nqui�ement fo� a class 6 compute� 

facility by 1984 �ich is available fo� use by the academic community. 
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Tabl e 4 .  Projected shortage i n  resou rces ava i l abl e for 
ocean model l i ng i n  1984 . [Fi gu res are obtai ned 
by subt ract i ng total  usage ( Tabl e 1 )  from total  
a va i l abl e resources ( Tabl e 3) .]  

Al l Inst i tuti ons 

Federa l l aborator i es 

Uni vers i t i es and NCAR 

Present 

108 

41 

67 

18 

Projected 

704 

-8 

712 

Des i rabl e 

4203 

1064 

3139 
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The Commi ttee , on the bas i s  of i t s  own expert i se i n  ocean model l i ng ,  feel s 

t hat the resu l t s  of the survey are fa i r  est imates of genu i ne resource needs i n  

confi rm�t i on of thei r own ea rl i er est imates . ( Further i nformati on on the 

nature of the sci ent i fi c  problems wh i ch requ i re i ncreased computat i ona l 

resou rces i s  ava i l abl e i n  Append i x  E . )  The Commi ttee endorses the concl u s i ons 

of the survey on the bas i s  of i ts own cri t i ca l  exami nat i on of the sci ent i fi c  

i ssues . 
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MANPOWER RESOURCES  

An adequate number of ocean model l ers wi l l  be  ava i l abl e to ut i l i ze 

effect i vel y the computer resou rces that wou l d be ava i l abl e to the ocean 

model l i ng commun i ty i n  1984 1f the computer resou rce shortage i s  el i mi nated . 

A total  of 180 FTE ocean model l ers were i dent i fi ed i n  32 i nst i tut i ons whi ch 

responded to the panel 's quest i onna i re ,  i ncl udi ng  Ph .D's and equ i va l ents and 

g raduate students who a re engaged act i vel y i n  resea rch . An FTE ocean model l er 

was defi ned as "a theoret i ca l  dynami ci st and/or numeri ca l model l er i ncl ud i ng 

g raduate students at the resea rch l evel , and programmers wi th  an i ndependent 

resea rch respons i bi l i ty and a Ph. D .  or equ i va l ent , "  and counted as 1 or 1 /2 

accordi ng to the amount of t ime devoted to ocean model l i ng .  The panel i t sel f 

counted 88 Ph. D .  ocean model l ers known to i t s  members to be work i ng at the 25 

major model l i ng i nst i t ut i ons . Of these 88 , about hal f were i dent i fi ed as  

hav i ng atta i ned thei r doctorates wi th i n the  l a st 5 yea rs ( 1975�1980 ) . These 

new Ph . D .  oceanographers a re wel l t ra i ned i n  modern stat i st i cal and 

mathemati ca l techn i ques . Al most al l the new personnel have the t ra i n i n g to 

a pprec i ate and use the resu l ts  of ocean model stud i es to pl a n  thei r work, 

ana l yze the model data and ass i st i n  des i gn stud i es for oceanograph i c  f i el d 

p rograms . ( Al l of the 88 ocean model l ers a re not pl ann i ng to use very l a rge 

a nd expens i ve model s . ) Thi s doubl i ng of the number of model l ers quant i f i es 

the recent rap i d growth of the fi el d,  and , i n  the op i n i on of the panel , i s  

cont ri but i ng substant i a l l y  to  the st res s i ng  of the presentl y ava i l a b l e 

comput i ng resou rce . The� has been a doubling of Eh.D. oeean modelle� in the 

past S ye�s and the� e�ts now adequate manp�� fo� effeet�e utili•ation 

of new eompute� �sou�es. The exper i ence of the atmospheri c model l i n g  

commu n i ty i ndi cates that even though  a c l a s s  6 mach i ne ca n support severa l  

hundred peopl e ,  use at any g i ven t i me i s  domi nated by a group of about 30 
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sc i ent i sts . The 7000 hou rs est i mated as  bei ng sci ent i f i ca l l y  des i rabl e and 

feasabl e by 1984 ;s equ i va l ent to 1 . 5  cl ass  6 machi nes . At a growth rate of 

10 new Ph . D .  ocean model l ers per yea r the panel est imates that about 250 FTE's 

wi l l  be work i ng i n  the fi el d by 1984 . Thi s personnel resou rce i s  more than 

adequate to expl oi t fu l l y  a recommended computer resou rce . The 180 FTE's 

exi st i ng today i ncl ude 78 FTE's work i ng i n  14 groups that have l a rge model s:  

10  of these groups compri s i ng 58 FTE's a re academi c .  Thus  the present 

popu l at i on of model l ers a l ready consti tutes an adequate group . The NAS has 

recentl y  compl eted an extens i ve su rvey of manpower i n  oceanography ( Doctoral 

Sci ent i sts  in Oceanography , Nat i onal  Academy Press , 1981 ) . 
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TECHNOLOGY ASSESSMENTS 

A .  Computat i ona l Requ i rements for Ocean Model l ers 

The requ i rement for a computer  system to perform a very l a rge number of 

computat i ons i n  a reasonabl e l ength  of ti me has been descri bed i n  other parts 

of thi s report . But what i s  l ess  obvi ous i s  that i n  order to take advantage 

of a mass i ve amount of computat i on powe r ,  major addi t i onal  faci l i t i es must be 

provi ded . A comput i ng system for l a rge-sca l e model l i ng shou l d i ncl ude the 

fol l owi ng: 

* the capabi l i ty to do rap i d  numeri cal computat i ons  

* the capabi l i ty to man i pul ate and arch i ve l a rge vol umes of numbers 

* the capabi l i ty to graphi ca l l y  ( and preferabl y i nteract i vel y )  i nterpret 
the s i mul ati ons . 

As an i l l ustrat i on ,  an EGCM computat i on can be characteri zed as hav i ng: 

1 00 , 000 gri d poi nts 

2-4 va ri abl es/g ri d poi nt 

1 - 2 seconds computati on t i me ( 1 )ft i me step 

50 , 000 t i me steps/case study 

h i stori es saved every 50 steps 

Ocean GCM's can be even more demandi ng i n  terms of the number of gri d poi nts 

and the computat i on t i me .  The i mpl i cat i ons of these numbers is not just that 

cases can take 20 hou rs of Cl ass  6 processor t i me, but al so that a case can 

p roduce for further ana l ys i s several hundred mi l l i on numbers . It i s  the 

mani pu l at i on and archi v i ng of these data sets as wel l as the graph i ca l  

a na lys i s  of the data that i s  beh i nd the need for a broadl y based system 

a rch i tecture . Whi l e  seemi ngl y expens i ve i n  terms of peopl e and equ i pment, the 

cost of doi ng th i s i s  s i gn i f i cant ly  l ess  than the cost of recomput i ng cases, 

and the sci ent i fi c  i ns i ght ga i ned from ca reful l y  pl ann i ng computati ons and 

carefu l ly  ana l yzi ng  the resul ts i s  i mmeasurably  greater . 

( 1 ) Cl a s s  6 computer 22 
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B .  Present Systems Ava i l abi l i ty 

There i s  a pl ethora of systems today that can meet the needs of 

oceanograph i c  model l e rs . They range from "s uperscal e'' sci ent i fi c  computers 1 

to  the "supemi n i "2 and range i n  computat i ona l power by approxi mately a factor 

of  so. La rge model s run qui ckest and i n  some sense , ea s i est on the superscal e  

computers . La rge scal e data  process i ng (the data set man i pu l at i on and 

arch i v i ng funct i on ) i s  perhaps most conven i ent on l a rge-sca l e commerci a l  

systems bui l t  by such  compani es as IBM3 , Bu rroughs , Un i vac , Amdahl  and Control 

Data . The •supemi n i " can be a fi ne tool for i nteract i ve graph i cs .  

Thi s i s , of cou rse , somewhat s i mpl i st i c .  Whi l e  each cl ass  of computer 

systems i s  tai l ored to speci fi c funct i ons , al l a re genera l purpose systems , 

and can take on other funct i ons . That i s ,  a •supemi n i " can execute a l a rge 

model but at the cost of tak i ng week s  i nstead of hou rs . A "supersca l e" 

computer can do graphi cs , but i t  woul d undoubtedl y  be too expens i ve to  l et the 

user do i nteract i ve graphi cs . The best sol ut i on techni ca l ly  i s  to have a mi x 

of systems that a re funct i ona l l y  ta i l ored . 

There are other i s sues , however ,  that shou l d be cons i dered . One i s  the 

extent to wh i ch comput i ng power shoul d be di stri buted throughout the 

un i vers i ty oceanograph i c model l i ng commun i ty .  For exampl e ,  the fol l owi ng 

a l ternatives are worth cons i deri ng: 

* establ i shment or augmentat i on of a s i ngl e nat i ona l center 

* establ i shment or augmentat i on of regi ona l centers 

* l oca l systems acqui red by i ndi v i dua l  sci ent i f i c  groups 

* some combi nat i on of the above . 

1. Characterized by such Cl ass  6 computers as the Cray Resea rch ,  Inc . 
Cray- 15 or the Cont rol Data Corp . Cyber 205 . 

2 .  Cha racteri zed by the Di g i tal  Equ i pment Corp . VAX 1 1/780 
3 . Cha racteri zed by the IBM 303x seri es . 
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The nat i onal centers can be cha racteri zed by those at the Nat i onal  Magnet i c  

Fus i on Energy Computer Center ( NMFECC ) .  They each serv i ce a communi ty of 

500- 1 ,000 users . Al most al l users can communi cate remotel y and have a l i mi ted 

amount of comput i ng power ava i l abl e l ocal ly . Wi despread use of l ocal  systems 

i s  characteri zed by the uni vers i ty chemi stry commun i ty ,  al though there i s  a 

Nat i onal Resou rce for Computat i on i n  Chemi stry ( NRCC ) to  exchange software 

i nfonmat i on and di spense l imi ted grants of computer t ime on a Cl ass  5 system. 

Broadl y speak i ng ,  one mode of operat i on i s  to have sma l l groups restri cted to 

hav i ng a moderate amount of computer power ava i l abl e ,  but hav i ng the abi l i ty 

to  •tune" thei r system appropri atel y and "govern" i t  themsel ves . The other 

mode i s  to have genera l access over commun i cat i on l i nks  to mass i ve amounts of 

computer power,  but hav i ng to dea l wi th a l arger and l ess  fl ex i bl e 

o rgani zat i on .  The reg i onal  center seems to get the worst of both worl ds 

bei ng unabl e to take advantage of the economi es of scal e ,  whi l e  bei ng unabl e 

to  rema i n  smal l and fl exi bl e .  Howeve r ,  sma l l l oca l operat i ons al so  suffer al l 

the management probl ems of l arger faci l i t i es once the number of users gets 

beyond a hal f dozen or so .  A vari ety of systems seems to be the best 

sol ut i on .  

Rough representat i ve costs i n  1981 $ are: 

Nat i ona 1 Center 

Loca l Faci l i ty 

Cap i tal 
Costs 

$15M 

$500K 

Operati ng 
Costs/Yr . 

$3M 

$lOOK 
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$6M 
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Where M = 106 and K = 103. Systems costs include peripherals, archival and 

graphical facilities for a limited community of users. The capital costs for 

a national center were estimated by assuming:(1) 

Class 6 Computer $9.0M 

Archival System 2.0 

Data Processing System 2.0 

Communications .5 

Graphics .5 

Space & Miscellaneous 1.0 

$15.0M 

Performance ratios between ••nat iona1•• and 111 oca1•• systems are roughly 50 for 

numerically intensive codes (based on memory bandwidth, not on functional unit 

speeds) and a similar figure for the processing and archiving of data (based 

on sustained use of disk and tape channels). 

Augmenting existing facilities would be considerably less. Capital costs 

and operating costs are approximately 60S and 30S of the respective figures 

for establishing new facilities. This assumes that only a few additional 

people would be required for the national center and more for a local 

facility. 

Additional considerations which favor a national facility are: 

• availability of facilities to all oceanographers 

• availability of specialized software and consulting 

• a centralized location for researchers to meet and exchange 
information, with a centralized archive 

• ability to perform the very largest computations in a reasonable period 
of time. 

(1) A similar estimate was calculated by the physics community Subcommittee on 
Computational Facilities for Theoretical Research in 11Prospectus for 
Computational Physics .. , National Science Foundation, 1981. 
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C .  Expected Performance Improvements , 1980-84 

Technol ogy advancements i n  the next few years wi l l  be heav i ly dependent 

on the demands of the commerci a l  ma rketpl ace ,  s i nce th i s domi nates the 

sc i ent i f i c/engi neeri ng computer ma rket . Consequent ly , i t  i s  expected that no 

new radi cal  archi tectu res or materi a l s wi l l  emerge unt i l  the l ate 1980's . 

Progress wi l l  cont i nue to be evol ut i onary ,  wi th  concomi tant changes i n  

pri c i ng ,  offset by the effects of i nfl at i on .  I ncremental ly , more powerfu l 

systems wi l l  become avai l abl e i n  the 1980-84 t ime frame , but pri ce/performance 

rat i os wi l l  not dec l i ne dramat i ca l l y .  Radi ca l  performance i mprovements are 

not expected unt i l after 1984 . 

Wi th a decl i ni ng cost i n  l ogi c ,  archi tectures wi l l  evol ve toward 

mul t i processor confi gu rat i ons . Thi s wi l l  permi t phased upgrades of systems , 

and  wi l l  be true of the "supermi n i s"  as wel l as l a rger systems . However , 

s i gn i fi cant di ffi cu l t i es wi l l  rema i n  i n  segment i ng codes to run 1n pa ral l el on 

more than  one processor . I f  memory demands cont i nue  to esca l ate , system 

ha rdwa re costs may i ncrease rather than decrease . Software and ma i ntenance 

costs wi l l  ri se at greater than the i nfl at i on rate due to shortages i n  tra i ned 

personnel . Thus , i t  i s  expected that equi pment pri ces may i ncrease somewhat 

(most manufacturers ra i sed pri ces i n  1980) and operati ng costs wi l l  i ncrease 

s ubstant i a l l y .  
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RECOMMENDED RESOURCES FOR OCEAN MODELLI NG 

The phys i ca l  oceanography model l i ng communi ty i s  now at a cri t i cal 

junct i on i n  i t s  progress .  Thi s report documents the va ri ous sci ent i fi c  and 

pract i ca l  uses of i nvestment i n  ocean model l i ng .  It  appea rs that cons i derabl e 

advances can be made by i nvest i ng i n  readi l y-ava i l abl e computer ha rdware for 

the oceanographi c  communi ty .  

The unava i l abi l i ty of adequate computer t i me i n  the u.s. i s  a l most un i q ue 

amongst devel oped count ri es .  Desp i te reports of severe economi c probl ems i n  

Bri ta i n .  ocean sci ent i sts i n  the Uni ted Ki ngdom have access to several cl ass  6 

machi nes . Both resea rch and academi c oceanographers have easy access to 

several l a rge computers l ocated throughout Bri ta i n .  In  West Germany the 

s i tuat i on i s  a l so  bri ght . Oceanog raphers at K i el and Hamburg . e . g  •• have 

avai l abl e cl ass  6 mach i nes for thei r model s .  I n  the Sovi et Uni on there a re 

onl y  medi um s i ze computers and thei r ocean model s a re al so  modest . Both 

France and Norway have pl ans to acqu i re cl ass  6 machi nes i n  1983. In Japan . 

ocean model l ers at the Un i vers i ty of Tokyo have easy access to a cl ass  6 

machi ne . Recent Japanese vi s i tors to  the u.s. have commented to  the cha i rman 

about the qual i ty and s i ze of the computers . 

I n  short . the u.s. i s  fa l l i ng behi nd . The NCAR computer fac i l i ty i s  

saturated ; the new resources ava i l abl e for academi c ocean model l i ng at Godda rd 

wi l l  not ful fi l l  the requi rements for comput i ng resources for the ocean 

model l i ng communi ty .  

The commi ttee recogn i zes that support for academi c ocean model l i ng i s  

spl i t  between severa l agenci es; NSF . NASA.  NOAA . DOD. Energy . BLM . etc .  We 

are not wi l l i ng to recommend how these di verse organ i zat i ons wi th wi dely 

va ry i ng mi s s i ons mi ght react to  a pa rt i cul a r  recommendat i on for support i ng a 
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new computer capabi l i ty for ocean model l i ng .  We do recogn i ze ,  however , that 

several  yea rs of pl ann i ng a re requi red to acqu i re a l a rge machi ne . 

We do recogni ze that a new l arge comput i ng fac i l i ty for oceanography 

cannot be l ocated arbi t ra ri l y .  The commi ttee recommends that the new fac i l i ty 

s houl d be co-l ocated wi th a center wi th experi ence i n  l a rge sca l e comput i ng .  

Thi s i ncl udes several un i vers i ty si tes , NCAR , Godda rd , vari ous DOD 

l aboratori es , etc . It  i s  expected that these exi st i ng centers woul d  have a 

cadre of softwa re , graph i cs and experi enced computer programmers and computer 

sci ent i sts to ass i st the new organ i zat i on .  

I t  i s  not obv i ous t o  the commi ttee what the exact next step i s  i n  the 

p l ann i ng and acqui s i t i on of l arge comput i ng resou rces for ocean model l i ng .  It 

has been apparent to the commi ttee , i ts  correspondi ng members and ou r 

col l eagues i n  the oceanographi c communi ty that computer resource shortage 1s 

rea l . The technol ogy i s  readi l y  ava i l abl e .  Exc i t i ng advances i n  understand­

i ng the ocean can be achi eved i f  the computer t i me i s  made ava i l abl e .  We 

expect that rap i d  advancement and i mproved pract i ca l appl i cat i on of phys i ca l  

oceanography wi l l  ensue a s  we have seen i n  Phys i cs ,  Chemi stry ,  Meteorol ogy ,  

Geol ogy , Geophysi cs and other di sci pl i nes i f  the comput i ng resources and 

faci l i t i es for ocean ci rcul at i on model l i ng are acqu i red . 

Th i s  l og i cal l y  l eads us to our fi rst recommendat i on .  

RECOMMENDATI ON 1 

In u iew of the saope and magnituds of the needsd aomputation 

Nsou1'tJes. 11M Nammwnd that the Nsou�es of a alas 8 sys tem 0"1' 

equiu alent be established fo.,. oaean modet.t.ing Nsea7'ah . It should 

be a aomputing Nsou�e acaessible fo.,. use on a scientifia mef'it 

baeis by the entiN academia oaean model ling aormrunity of the u . s. 

The al loaation of the Nsou.,.aes should be the Nsponsibility of the 

oaeanog'J'Qphia aommunity . 
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There a re severa l parts  to thi s recommendat i on . We have documented the 

requ i rement for a cl ass  6 machi ne .  We have not addressed the management of 

the resource . I n  these t i mes of l i mi ted economi c support for sci ence , i t  i s  

i mportant that the best sc i ence be supported and the most out standi ng ocean 

model s be funded . Therefore it i s  recommended that the new comput i ng resource 

be ava i l abl e on sci ent i f i c  meri t to the ent i re academi c ocean model l i ng 

commun i ty i n  the u.s. 

In  order to ensure proper ut i l i zat i on of the resou rce , a rev i ew structure 

managed by the oceanographi c commun i ty needs to  be establ i shed for 

d i str i but i on of the comput i ng res ources . I n  the past , the atmospheri c sci ence 

commun i ty have been k i nd enough to al l ow academi c ocean model l ers to use the 

computers at NCAR , Goddard , GFDL, etc .  

The second task  for the commi ttee was to recommend mechan i sms for 

p rov i d i ng the requi red new comput i ng resources .  To a l arge degree we are 

s i desteppi ng th i s i ssue and recommendi ng i nstead : 

RECOMMENDAT ION 2 

flhBNas adequate Nsou7'aes a.7'fl not nOf4 Ql) ai Z.abt.e 07' beif'l(l 

pt.ann��d. and in u iew of the Z.ead time Nqui.,.ed in thei7' acquisition. 

we Naormwnd that pt.annif'l(l begin r.Jithout dllt.ay to p7'01) ide the 

neaessa� aomputif'l(l Nsou?'Ces . 

29 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Assessment of  Computat ional  Resources Required for  Ocean Circulat ion Model l ing
ht tp: / /www.nap.edu/cata log.php?record_id=19556

http://www.nap.edu/catalog.php?record_id=19556


w 
0 

APPENDI X A . 

GROU P U WASH PMEL OSU ATM OSU OCN 
PERSONS 4 . 5  5 . 0  3 . 0  7 . 0  
ft'.ACH I NE CRAY I CDC 6500 CRAY I CYBER 
SPEED . 040 . 040 1 . 000 . 200 

OGCM 0 0 1 0  0 
QG EGCM 2 0 0 0 
PE EGCM Q 0 0 0 
EQljATOR 0 0 1 0  0 
C L I HATE 2 1 8  1 0  0 
C OASTAL 2 36 0 0 
REG I ON S  4 36 0 0 

DATA 0 0 0 60 
OTHE R 0 24 0 1 5  

PRESENT LEVEL OF CRAY- EQU I VALENT 
USAGE 1 0 . 00 4 . 56 30 . 00 1 5 . 00 

OGCf4 0 0 25 0 
QG EGCM 2 0 25 0 
PE EGCM 0 0 40 0 
EQUATOR 0 0 40 0 
CL U1ATE 2 24 60 0 
COASTAL 2 48 0 0 
REG I ONS 4 48 0 0 

DATA 0 0 0 l OO 
OTHE R 1 0  36 0 30 

PROJ ECTED ( 1 984) LEVEL OF CRAY- EQU I VALENT 
USAGE 20 . 00 6 . 24 1 90 . 00 

OGCM 0 0 50 
QG EGCM 2 0 50 
PE EGCM 0 0 80 
EQUATOR 0 0 80 
CL I �·�TE 2 24 1 20 
COASTAL 2 48 0 
REG I ONS 4 48 0 

DATA 0 0 0 
OTi iER  20 36 0 

26 . 00 

0 
50 
20 

0 
0 
0 
0 

1 00 
30 

DES I RABLE ( 1 984 ) L EV EL OF CRAY-EQU IVALENT 
USAGE 30 . 00 6 . 24 380 . 00 40 . 00 

I NSTI TUT I ONAL EST I MATES OF COMPUTER NEEDS 

S I O  NPS SANDIA NCA� WHO I (A )  GLRC TEX A&M NOPDA 
7 . 0  7 . 0  3 . 0  5 . 5  6 . 0  4 . 0  7 . 0  1 4 . 0  

PR 1 750+ 360/67 CDC 7600 CRAY I CRAY I CDC 6600 N1DAHL6 I I  ASC2 
. 1 00 . 050 . 200 1 . 000 1 . 000 . 040 . 1 50 . 300 

0 500 0 0 0 0 0 1 0  
1 1 0  0 1 0  1 20 5 0 0 30 

c 0 2 20 0 Q 2Q 12Q 
0 0 0 30 0 0 0 20 
0 0 0 50 0 0 ·0 0 
0 1 0  0 0 5 1 00 80 0 

40 1 00 1 8  20 1 0  50 0 20 
0 75 2 5 0 50 20 0 
0 1 5  :> 0 0 0 0 50 

1 5 . 00 35 . 00 7 . 40 245 . 00 20 . 00  8 . 00 1 8 . 00 75 . 00 

0 2000 0 0 0 0 0 300 
1 60 0 1 00 1 00 1 0  0 0 60 

0 0 20 40 0 0 20 240 
0 0 0 20 0 0 0 l OO 
D 0 0 1 00 0 0 0 0 
0 20 0 0 1 0  300 80 0 

40 500 20 20 20 1 50 0 1 00 
0 300 1 0  1 0  0 1 50 40 0 
0 30 1 0  0 20 0 0 1 00 

20 . 00 1 42 . 50 32 . 00 290 . 00 60 . 00 24 . 00 2 1 . 00 270 . 00 

0 20000 0 200 0 0 0 300 
260 0 1 00 200 20 0 0 60 

0 0 20 1 00 50 0 200 240 
0 0 0 40 0 0 0 l OC  
0 0 0 1 00 50 0 0 0 
0 40 0 0 20 600 1 60 0 

40 5000 20 40 20 300 0 1 0 0 
0 600 1 0  20 0 300 80 0 
0 30 1 0  0 50 0 0 1 00 

30 . 00 1 283 . 50 32 . 00 700 . 00 2 1 0 . 00 48 . 00 66 . 00 270 . 00 
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GROUP FSU M I A�H AOML GFD L GLAS PR I NCET  tiOAA DC M I D-ATL SA l U C H I C  ARGONNE 
PE RSONS 8 . 0 5 . 0  5 . 0  6 . 0  6 . 0  1 . 5 2 . 0  20 . 0  6 . 0  1 . 5 3 . 0  
MACH I NE CRAY I CRAY I UN 1 1 08 ASC4 AMDAHL6 I I  ASC2 370/ 1 9 5  CRAY I II Asc2 370/1 68 370! 1 95 
SPEED  1 . 000 1 . 000 . 030 . 500 . 1 50 . 300 . 200 1 . 000 . 300 . 080 . 200 

OGCM 0 0 0 0 0 0 0 0 0 0 0 
QG E GCt·1 0 0 0 0 1 00 0 0 0 0 0 0 
PE  EGCf� 0 60 0 0 0 0 0 0 20 0 0 
EQUATOR 1 5  0 0 1 80 30 0 0 0 0 0 0 
Cl l l·lATE 5 0 1 0  300 20 0 0 0 0 0 0 
COASTAL 40 1 0  200 0 0 60 25 38 0 1 0  0 
REG I ONS  2 0 200 1 80 1 00 5 0 2 0 0 1 00 

DATA 0 0 1 75 24 1 00 0 0 1 1  0 0 50 
OTHER  0 0 220 1 80 400 0 0 0 0 0 0 

PRESENT LEVEL  OF CRAY-EQU I VALENT 
U SAGE 62 . 00 70 . 00 24 . 1 5  432 . 00 1 1 2 . 50 1 9 . 50 5 . 00 5 1  . 00 6 . 00 . 80 30 . 00 

OGCt·l 50 0 0 0 0 0 0 0 0 0 0 
QG EGCI·1 0 0 0 0 0 0 0 0 0 0 0 
PE EGCt� 0 60 0 0 350 0 0 0 1 00 0 0 
EQUATOR 35 0 0 540 1 00 0 0 0 0 0 0 
C L i i1ATE 35 60 1 0  900 6 50 0 0 0 0 0 1 00 

w COASTAL 30 10 300 0 0 1 00 25  55  0 1 0  0 .... REG I ONS 1 0  0 26 5 540 200 20 0 3 0 0 300 
DATA 0 0 225 12 1 00 0 0 1 4  0 0 1 50 
OTHER 0 0 430 540 1 860 0 0 0 0 0 200 

PROJ ECTED ( 1 984 ) LEV E L  O F  GRAY- E QU I VALENT 
U SAGE 1 60 . 00 1 30 . 00 36 . 90 1 296 . 00 489 . 00 36 . 00 5 . 00 72 . 00 30 . 00 . 80 1 50 . 00 

OGCf-1 20 0 0 0 0 0 0 0 0 0 0 
QG EGCM 0 0 0 0 0 0 0 0 0 0 0 
PE EGCM 1 00 1 20 0 0 350 0 0 0 1 00 0 0 
EQUATOR 5 0 0 810 l OO 0 0 0 0 0 0 
C l i �1ATE 3 0  60 1 0  1 350 650 0 0 0 0 0 200 
COASTAL 1 00 1 0  300 0 0 200 1 00 84 0 1 0  0 
REG I OI4S 30 0 265 900 200 40 0 3 0 0 600 

DATA 0 0 225  72 1 00 0 0 1 8  0 0 300 
OTHER 0 0 430 810  1 860 0 0 0 0 0 400 

DES I RABLE ( 1 984 ) LEVEL  OF GRAY - E QU I VALENT 
USAGE 285 . 00 1 90 . 00 36 . 90 197 1 , 00 489 . 00 72 . 00 20 . 00 1 05 . 00 30 . 00 . 80 300 . 00 
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GROU P BKHAVEN  YAL E  CG ACAD U R I  HARVARD :1 I T  WHO I ( B )  CEf 1  U r':A I UE 
PE RSONS 4 . 0  6 . 0  2 . 5  5 . 0  8 . 0  8 . 0  6 . 0 3 . 0  4 . 0  
1-lAC U  I N E  C D C  7600 DEC 20  CRAY I AS/ 5 AI·1DAHL6 ArmAHL6 VAX 1 1  CRAY 1 I Br� 3031 
SPEED  . 200 . 020 1 . 000 . 040 . 1 50 . 1 50 . 020 1 . 000 . 040 

OGC:·1 0 0 0 0 0 0 0 0 0 
QG EGCM 0 0 0 0 0 1 00 1 50 0 0 
PE  EGC�t 0 0 0 0 0 0 0 0 40 
EQUATOR 0 1 50 0 0 0 30 0 0 0 
CL H1ATE 0 50 0 0 0 0 0 0 0 
COASTAL 2 5  0 36 250 0 0 75 5 20  
REG I ONS 0 0 0 1 20 1 70 0 400 20 0 

DATA 1 0 0 1 0  80 30 l OO 50 0 0 
OTHER  1 50 0 0 0 0 0 75  0 0 

PRESENT LEVEL  OF C RAY- EQU I VALENT 
U SAGE 37 . 00 4 . 00 46 . 00 1 8 . 00 30 . 00 34 . 50 1 5 . 00 25 . 00 2 . 40 

OGCM 0 0 0 0 0 0 0 0 0 
QG EG0·1 0 0 0 0 350 0 250 0 0 
PE  EGC ! t 0 0 0 0 0 600 0 0 7 0  
EQUATOR 0 1 50 0 0 0 0 0 0 0 
CL U1ATE 0 50 0 0 1 00 400 0 0 0 w 
COASTAL 50 0 0 300 0 0 1 50 20 40 N 

RE G I ONS 0 0 30 300 300 500 800 50 0 
DATA 1 0  0 1 0  1 00 1 00 1 00 1 00 0 0 
OTH E R  200 0 0 0 0 0 200 0 0 

PROJECTED ( 1 984) LEVEL  O F  C RAY- EQU I VALENT 
USAGE 52 . 00 4 . 00 40 . 00 28 . 00 1 27 . 50 240 . 00 30 . 00 70 . 00 4 . 40 

OGC:.1 0 0 0 0 0 0 0 0 0 
QG EGCM 0 0 0 0 600 0 250 0 0 
PE  EGCU 0 0 0 0 0 900 0 0 70 
EQUATOR 0 500 0 0 0 0 0 0 0 
CL U1ATE 0 50 0 0 200 700 250 0 0 
COASTAL 500 0 0 500 0 0 1 50 20 40 
RE G I ONS 0 0 60 500 300 500 800 50 0 

DATA 50 0 1 0  1 50 1 00 1 00 1 00 0 0 
OTH E R  750 0 0 0 0 0 200 0 0 

DES I RABLE (1 984 ) LEVEL  OF CRAY- EQU I VALENT 
U SAGE 260 . 00 1 1 . 00 70 . 00 46 . 00 1 80 . 00 330 . 00 35 . 00 70 . 00 4 . 40 
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APPEND I X  B 

Rel a t i ve Computer Effi c i ency 

Mach i ne 
CYBER 205-411  
CRAYl 
TI ASC4 
TI  ASC2 
CDC 7600 
CYBER 1 76 
IBM 370/ 1 95 
Amdah l V/6 

Re l at i ve e ffi c i e ncy 
of CPU for ocea n 
mode l s 

P r i me 750 ( + array proces s o r ) . 
IBM 3032 

1 . 50 
1 . 00 
0 . 50 
0 . 30 
0 . 20 
0 . 20 
0 . 20 
0 . 1 5  
0 . 1 0  
0 . 08 
0 . 05 
0 . 04 
0 . 04 
0 . 04 
0 . 03 
0 . 02 
0 . 02 
0 . 02 
0 . 0 1  

IBM 360/6 7  
ITEL AS/5 
CDC 6600 
IBM 3031 
Uni vac 1 1 08 
DEC 20 
VAX 1 1 / 780 
CDC 7400 
PDP 1 1 /60 
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Appendi x C 

L i s t  of Ocea nograph i c I ns ti tuti ons contac ted 

Uni vers i ty of Was h i ngton , O ceanog raphy Department 

Paci fi c Mari ne Envi ronment Laborato ry , NOAA 

O regon S ta te U n i vers i ty ,  Atmos pher i c S c i ences 

O regon S ta te Uni vers i ty ,  Oceanog raphy Department 

S c ri pps I ns t i tu t i on of Oceanography 

Nava l Pos tg radua te Schoo l  

Sandi a Laboratori e s  

Nati ona l Center for Atmo s pheri c Res ea rch 

Woods Ho l e  (NCAR computi ng ) 
Great Lakes Research Cente r  (NOAA ) 
Texas A&M Uni ve rs i ty 

NOROA , Bay S t . Loui s 

F l o ri da S ta te Uni vers i ty 

Uni vers i ty of Mi ami 

AOML , Mi ami (NOAA ) 
GFOL , Pri nceton (NOAA ) 
Godda rd Laboratory for A tmos pheri c S c i ence 

Pri nceton Uni vers i ty 

NOAA , Was h i ngton Area 

Mi d-Atl anti c Uni vers i ti es 

Sci ence Appl i cati ons , I nc .  

Uni vers i ty of C h i cago 

Argonne Na t • l  Laborato ry 

N . Y .  C oa s ta l  Mode l l ers ( B rookhaven ) 
Y a l e  Uni vers i ty 

Coa s t  Guard Academy 

U n i vers i ty o f  Rhotie I s l an d  

H a rva ra Uni vers i ty 

M I T  Ocea nog ra phy/Me teoro l ogy 

Uoods Hol e Ocea nog ra p hy I n s ti tu t i on { l oc a l ) 
C e n ter for E n v i ronme n t  a n d  r1a n  

U n i v e rs i ty o f  Ma i n e 

To ta l  # C o n ta c t e c : 3 2  
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Appendi x D 

A Rev i ew of Nat i ona l  Needs 

As our knowl edge of ocean sci ence advances . probl ems of nat i ona l 

i mportance whi ch i nvol ve the broad sci ent i f i c  and pract i ca l  expl oi tat i on and 

a ppl i cati on of th i s  knowl edge are bei ng i dent i f i ed and attacked . These 

p robl ems rel ate to the nat i on ' s  economy and secu ri ty and effect the hea l th and 

safety of our ci t i zens . The necess i ty for resea rch in ocean sci ence for 

nat i ona l needs was recogni zed by the Offi ce of Naval  Research and the St ratton 

Report i n  1959 . The nat i onal  effort has i ncl uded , e . g  • • the establ i shment of 

the Nat i ona l Oceani c and Atmospheri c Admi n i strat i on (NOAA) . Oceanography 

i nvol ves the conduct of very l a rge sca l e ,  resea rch programs i n i t i ated under 

the IDOE of the NSF i n  1970 (NAS reports 1969 , 1979 ) . A report j ust i ssued by 

NACOA "Ocean serv i ces for the Nat i on "  1981 deta i l s  some pres s i ng contempora ry 

nat i ona l requi rements . Ocean currents and ci rcu l at i on are of pract i cal 

soci eta l  i nterest ; for exampl e ,  ocean currents are important as a transport 

mechan i sm for water propert i es and chemi cal s as wel l as di s sol ved and 

part i cul ate matter , i norgan i c  ( l i vi ng and dead ) . Exampl es of transports  of 

i nterest i ncl ude heat , chemi ca l s .  sed iments and pol l utants . 

Model s summa ri ze and extend our knowl edge of the ci rcul at i on .  They 

provi de the conceptual  bas i s  for coupl i ng phys i ca l  oceanography to 

i nterdi sci pl i na ry sci ent i fi c  and techn i ca l  probl ems i n  a quant i tat i ve way . 

Computer model s prov i de the only  means of dea l i ng wi th  the compl ex geomet ry . 

forci ng and other i nputs whi ch characteri ze real  ocean s i tuati ons . Model s 

p rov i de a means of s i mul at i ng ocean processes and therefore al l owi ng est imates 

of effects .  stat i st i ca l ly or on a case by case bas i s ,  even when i nsuffi c i ent 

fi el d  data exi sts . Forecasts of the future state of the ocean usua l ly  i nvol ve 

35 

Copyright © National Academy of Sciences. Al l  r ights reserved.

Assessment of Computational Resources Required for Ocean Circulat ion Modell ing
http:/ /www.nap.edu/catalog.php?record_id=19556

http://www.nap.edu/catalog.php?record_id=19556


model s ,  both for pred i ct i ng the nea r future -- e . g . , for nav1 gat 1 on or 

m1 1 1 ta ry operat i on or yea r to yea r changes that effect weat her -- and for 

l onger t i me scal es such as those i nvol ved i n  cl i mat i c changes . Furthermore , 

computer model s are rap i d ly  becomi ng the bas i c  resea rch tool i n  modern 

oceanography for the des i gn and i nterpretat i on of observat i onal programs and 

f i el d  experi ments . Thus , these model s pl ay a cent ra l and cruc i a l  rol e i n  the 

app l i cati on of modern ocean sci ence to nat i ona l  needs and thi s rol e ,  as 

model l i ng i tsel f ,  i s  novel , evol v i ng , expandi ng and i ncreas i ng . rhs� � 

i.mponant Rational p'P'ogmms i.,.,o'tu ing oaean sai.enoe that �qui.� an 

aaoele�ed �elopment and appli.aati.on of oaean models . 

Fi sheri es represent a vi tal  resource of the sea and model s now pl ay a 

substant i a l  rol e i n  fi sheri es management and i n  resea rch on rel ated · 

fundamental  sci ent i f i c  quest i ons and devel opment ( Fi sheri es Ecol ogy , NAS , 

1 980 ) . I n  fact , bi ol og i cal oceanog raphy genera l ly  appea rs to be on the 

threshol d of major advances whi ch wi l l  i n  an i mportant aspect i nvol v i ng 

i nterdi sc i p l i na ry sci ent i fi c  i nvest i gat i ons wi th phys i cal  oceanography and new 

coupl ed bi ol og i ca l /phys i cal model s .  

Deep sea mi n i ng wh i ch i s  ant i c i pated to be of substant i a l economi c 

i mportance wi l l  requi re the devel opment of accurate reg i ona l and boundary 

l ayer model s for eng i neeri ng and operat i onal pu rposes . Our nat i on ' s  energy 

needs i nvol ve the sea i n  severa l ways . Energy i s  transported through the sea , 

ext racted from beneath the sea bottom and from the sea i tsel f i n  the forms of 

waves or cu rrents . Oi l dri l l i ng and sp i l l s ,  the s i t i ng and operat i on of 

energy product i on and convers i on pl ants a l l requi re model l i ng .  

The management of the qual i ty of the coastal waters of the Uni ted States 

whi ch exchange water and materi a l  wi th the deeper seas beyond the cont i nental  
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shel f i s  necessary i n  order to i nsu re the conservat i on and fru i tful 

expl o i tat i on of thei r resources and the hea l th of ou r ci t i zens and other 

peopl e .  Th i s  i nvol ves both ded i cated model l i ng and the appl i cat i on of 

ex i st i ng model s .  These waters and the waters of the deep sea and the worl d 

ocean now ca rry a great va ri ety of man-generated waste materi a l s whi ch have 

been depos i ted ei ther del i beratel y or i nadvertent ly . Waste i s  or has been 

dumped from ba rges , ca rri ed by ri vers and ra i n ,  fa l l en i n  after nuc l ea r  bomb 

tests , etc .  ( Gol dberg , 1979 ) . Some wastes cannot be avoi ded and ocean 

di s posa l  must be wei ghed compet i t i vely wi th other poss i bi l i t i es ( NACOA report 

1981 ) .  Modern rat i ona l deci s i ons  as to the u l t i mate ha rm to man or the ma ri ne 

ecosystem pri or to such harm occu rri ng necessa ri ly  rely  i n  l a rge mea sure on 

model predi ct i ons . Such model s have ocean ci rcul at i on model s coupl ed di rect ly  

or paramet ri ca l ly to  bi ol ogi ca l  a nd  chemi ca l model s .  An impres s i ve exampl e 

rel ates to the actual  or potent i a l di sposal of nucl ea r waste materi a l s i n  or 

under the seabed . Low l evel wastes are a l ready bei ng ' dumped . Thi s i s  a 

seri ous probl em for the u.s. and ot her nat i ons . Some hi gh-l evel wastes have a 

very l ong  l i fe t ime ( 105 yea rs ) . Th i s  necess i tates a hi era rchy of ci rcu l at i on 

model s --from sou rce s i ze to the worl d ocean ( Ma ri etta and Robi nson , 1981 ) . 

Pol l ut i on probl ems , wh i ch i nvol ves the gl oba l t ransport of pa s s i ve (and  

act i ve )  t racers i nterface wi th fundamental  resea rch in  geochemi st ry i n  a 

symbi ot i c  and important way . The C02 c l i mate probl em (C l i mate Resea rch Boa rd ,  

NAS , 1979) i s  a noteworthy exampl e .  

A number of nat i ona l concerns i n  the area of secur i ty and soc i ety requ i re 

ocean model s for foreca sti ng pu rposes . D i saster and damage from storm su rges 

and hu rri cane waves can be reduced by predi ct i ons . These a re al so  usefu l for 

navi gati on and sea rch and rescue operat i ons . Of pa rt i cul a r  importance a re 
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nava l operat i ons  wh i ch depend upon acoust i c  cond i t i ons  i n  the sea whi ch i n  

turn depend upon the currents and water propert i es ; operat i ona l predi ct i ons  

a re made i n  terms of  a model coupl ed wi th a rea l /t i me  observat i ona l network 

whi ch i s  gradua l ly improv i ng i n  t ime as our knowl edge of ci rcul at i on model l i ng 

i mproves . In  thi s area as i n  al most every case above , the use of computer 

model s is  doubly es sent i al -- as a resea rch tool and as an operat i onal  tool . 

The geophysi ca l  sci ent i sts of the worl d have i dent i f i ed cl i mate 

va ri at i ons as an important resea rch top i c .  In addi t i on ,  it i s  genera l l y  

bel i eved that the ocean pl ays a key rol e i n  seasonal  and i nterannual cl i mate 

fl uctuat i ons . The predi ct i on of col d wi nters . dry summers and other cl i mate 

va ri abi l i ty seems to h i nge cri t i cal ly on ou r knowl edge of the ocean . Th i s  

cannot be done eas i ly wi thout an extens i ve model l i ng effort . Ocean model s for 

c l i mate are i nherent ly  l a rge and expens i ve due to the l ong sol uti on t i me .  

Some energy compani es are presently us i ng cl ass  6 mach i nes for these 

cal cul at i ons . The newly acqu i red computers i n  NOAA and NASA wi l l  be used for 

these ca l cul at i ons . A comprehens i ve report on Ocean Model s for Cl i mate 

Resea rch (U . S .  Commi ttee for GARP ) was prepa red for  NAS i n  1980 . Th i s  report 

demonst rates that ocean model s for cl i mate resea rch cou l d eas i ly and 

effect i vely  ut i l i ze a substant i a l  port i on of a cl ass 6 machi ne .  
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Append i x  E 

A Di scuss i on of Ocean Model s 
I NTRODUCT I ON 

I n  the modern sc i ent i fi c  worl d ,  mathemati ca l model s a re wi dely  used to 

i ncrease ou r understandi ng of ou r env i ronment . Oceanographers have used the 

ca l cul us , di fferent i a l equat i ons  and fl u i d  dynami cs to expl a i n phenomena i n  the 

ocean for centuri es . The ea rl i est computers were des i gned and used to 

ca l cul ate t i des for a myri ad  of practi cal  uses . As we l ea rned more about the 

ocean , the need to construct more compl i cated model s has grown . The cl ass i ca l  

mathemat i ci an st ri ves t o  use ana lyt i ca l  techn i ques to  obtai n the sol ut i on t o  

model s .  However , these mathemat i cs a re l i mi ted .  The ava i l abi l i ty of computers 

has  al l owed us to cons i der more sophi sti cated and rea l i st i c  model s .  For 

exampl e ,  North Sea sci ent i sts have devel oped soph i st i cated t i de and storm su rge 

model s i ncl udi ng rea l i st i c geomet ry and topography whi ch can predi ct on an 

operati ona l bas i s  the coasta l  water l evel i f  the weather forecast i s  reason­

a bl e .  We can al so predi ct wave spect rum and swel l accuratel y over the open sea 

for commerci a l  and mi l i ta ry use g i ven accurate weather forecasts . These are 

only a few of numerous ex i st i ng ocean model s used i n  routi ne servi ce today . 

There are new and ext remely important nat i ona l  requi rements for addi t i ona l 

ocean model s as di scus sed i n  appendi x D .  I n  the fol l owi ng , we descri be a few 

of the types of model s wh i ch are bei ng deve l oped by the i nternat i ona l model l i ng 

commun i ty .  The ocean model s whi ch ca l cu l ate the state or ci rcul at i on of an 

ent i re ocean or the worl d ocean a re denoted Genera l Ci rcu l at i on Model s .  These 

model s occupy the tal ent and resou rces of severa l model l i ng groups i n  the u . s .  

a nd other nat i ons . 

Cl i mate probl ems requ i re spec i a l  cons i derat i on s i nce they need to be 

s i mu l ated over l ong t ime peri ods . Many pract i ca l  probl ems exi st i n  coastal 
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reg i ons and we have i ncl uded a di scuss i on of the state-of-the-a rt for coastal 

dynami cs and t i des . 

There are hundreds of other ocean model l i ng act i v i t i es wh i ch we have not 

i ncl uded . Many of the model s not di scussed can be done on ex i sti ng computers 

such as so-ca l l ed mi xed l ayer model s or i nert i a l mot i on ca l cul at i ons . 

Ocean model l i ng ha s devel oped sl owly  i n  compa ri son to meteorol ogy due to 

the l ack of data for veri f i cat i on .  I n  the past decade , we have had i mportant 

f i el d  experiments wh i ch obtai ned data for model compa ri son . Due to the 

l ength ly  l i st of nat i onal  probl ems wh i ch requ i re ocean model l i ng , it i s  

genera l ly  ag reed that the U . S .  wi l l  cont i nue to pl an and execute fi el d 

programs and encou rage ocean model l i ng act i v i t i es .  

I n  many respects , model l i ng the ocean i s  sci ent i f i ca l ly  st ra i ght-forward . 

We know the pert i nent equat i ons from fl u i d  dynami cs  and phys i cs .  If we have 

i n i t i a l cond i t i ons and bounda ry condi t i ons , i t  i s  reasonabl e to assume that a 

sol ut i on can be ca l cu l ated . Unfortunately ,  as i n  meteorol ogy , the i nherent 

non l i nea r and tu rbu l ent cha racter of the ocean l i mi ts  ou r capabi l i ty to 

perform the ca l cu l at i on .  We must compromi se the compl ete probl em and pose a 

sol vabl e model . The usual  l i mi tat i on i s  economi cs . Even gi ven the l a rgest 

computers ava i l a bl e ,  i t  i s  not poss i bl e  to perform the ca l cul at i ons  we woul d 

rea l ly  l i ke to do . However , there are a wea l th  of useful theoret i ca l  and 

pract i ca l  model s whi ch can be const ructed . I n  thi s report we are 

concent rat i ng on the l a rgest of these ocean model s wh i ch seem to be amenabl e 

to  progress i f  suffi c i ent i nvestment i s  made i n  computer resou rces . 

The fol l owi ng i s  a bri ef descri pt i on of ocea n model l i ng for ocean  bas i ns , 

regi ona l probl ems , cl i mate probl ems , coastal  c i rcu l at i on and t i des . Some 

references are i ncl uded to a i d the i nterested reader .  
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OCEAN GENERAL C I RCULAT I ON MODELS 

Numeri ca l model s wh i ch are used to understand the dynami cs of 

three-d imen s i ona l  ocean i c ci rcu l at i ons  i n  bounded doma i ns are ca l l ed general 

c i rcu l at i on model s .  Such model s can be di v i ded i nto  two categori es , depend i ng 

on whether i ntended ca l cu l at i ons wi l l  emphas i ze the adequate spat i a l resol ut i on 

of the physi ca l phenomena or a proper evol ut i on of processes wi th  very l ong  

t i me scal es . ( I t  i s  not poss i bl e  to have both aspects s i mu l taneous ly  wi th  

presentl y  ava i l abl e comput i ng power . ) The two types of  model s wi l l  be 

d i scussed sepa rately i n  sect i ons a and b .  The model s are compl ementa ry i n  many 

respects . Both types of model s have been progress i vel y devel oped over  a peri od 

of more than 10 yea rs . I n  the ea rly devel opmenta l  stages , great ca re was taken 

to  prove the correctnes s of the sol ut i on techni ques ( usual ly  fi n i te-di fference 

methods ) , i n  the sense that the resul ts  of ana lyt i ca l  test probl ems and 

l aboratory experi ments  coul d be reproduced . In th i s  rega rd , the con s i derabl e 

experi ence of the meteorol og i ca l  and aerodynami cal  communi t i es were hel pful i n  

accel erat i ng model devel opment . 

a .  Eddy resol v i ng  genera l ci rcu l at i on model s ( EGCMs ) 

I t  i s  wel l known from f i el d observat i ons  (the MODE Group , 1978) that 

v i gorous l ow-frequency ci rcu l at i ons  ex i st i n  the ocean , wi th l ength sca l es 

c l ose to the i nterna l  deformat i on radi us  {about 40 km ) . Theoret i cal  

con s i derat i ons { Gi l l , Green , and  Si mmons , 1974 ; Robi nson and  McWi l l i ams , 1974)  

i nd i cate that these mot i ons  are anal ogous to the synopt i c  di sturbances i n  the 

atmosphere , wh i ch substant i a l ly  red i st ri bute heat and momentum , both 

hori zonta l l y  and vert i ca l ly , i n  very compl ex ways . Because  of the l i mi ted 

u nderstandi ng  of these mot i ons from theoret i ca l and observat i onal  v i ewpoi nts , 

i t  i s  necessary to represent them expl i c i t ly  i n  ma ny numeri cal ca l cul at i ons . 
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Si mul at i ons of bas i n -wi de ocean ci rcu l at i ons  wi th  resol ved eddi es a re 

useful for a va ri ety of reasons . Wi th rega rd to ocean i c observat i ons , model s  

ass i st i n  the i nterpretat i on of exi st i ng observat i ona l  data ; and they can be 

used i n  the des i gn of futu re observat i onal  programs . Wi th rega rd to the 

dynami cs of the edd i es themsel ves , model s prov i de comp l ete  s imu l ated data sets 

wh i ch can be fu l ly  anal yzed for dynami ca l i n format i on ;  they al l ow an 

assessment of abst ract theoret i ca l  i deas wi th i n  a more compl ete dynami cal 

framework . As fa r as the effect of the edd i es on the t i me-mean fl ow i s  

concerned , the sens i t i v i ty of the ocean i c c i rcu l at i on t o  changes i n  bas i c  

eddy pa rameters ( some of whi ch a re poorly  known from observat i on ) can be 

determi ned ; compet i ng cl osu re hypotheses for the parameteri zat i on of tu rbul ent 

mi x i ng can be tested . Wi th  rega rd to potent i a l appl i cat i ons , the effect of 

strong currents and eddi es on meri d i ona l heat transport (and hence on cl i mate ) 

can be assessed ; and t ransports of bi ol og i ca l l y  and chemi ca l l y  important 

substances ( i ncl udi ng pol l utants ) can be est i mated . 

Al ready s i gn i f i cant progress  has been made i n  understandi ng the natu re of 

the ocean i c genera l ci rcu l at i on by means of eddy resol v i ng model s .  Model s 

have pl ayed a domi nant rol e i n :  

1 .  i dent i fyi ng the pos s i bl e  sources of eddy energy ( Hol l and and li n ,  

1975a , b ;  Robi nson et al . ,  1977 ; Semtner and Mi ntz , 1977 ; Hol l and , 

1978) ; 

2 .  rep roduc i ng a pl aus i bl e  di stri but i on of eddy energy l evel s throughout 

a mi d- l at i tude gyre ( Schmi tz  and Hol l and , 1981 ) ; 

3 .  showi ng the nature of st rong-cu rrent i nstabi l i t i es to be ve ry 

sens i t i ve to govern i ng pa rameters ( Ha i dvogel and Hol l and , 1978 ; Cox , 

1979 ) ; 
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4 .  demonst rat i ng the abi l i ty of edd i es to dri ve deep mean ci rcul at i on s  

( Hol l and and Rh i nes . 1980 ) ;  

s .  poi nt i ng up the potent i a l ly  domi nant rol e o f  bottom fri ct i on as  a 

d i ss i pat i on mechan i sm ( Hol l and . 1978 ) ;  

6 .  i ndi cat i ng the compl exi ty and i mportance of eddy transports o f  heat 

and momentum ( Semtner and Mi ntz . 1977; Harri son . 1978 ) ;  

7 .  expl ori ng  the poss i bi l i ty of potent i a l -vort i ci ty mi x i ng a s  a 

pa rameteri zat i on of eddy processes i n  some geograph i ca l areas (Rhi nes 

and Hol l and . 1979; McWi l l i ams and Chow . 1981 ) ;  

8 .  showi ng fundamental  di fferences between mi d-l at i tude dynami cs versus  

s outhern-ocean dynami cs or  equatori a l  �nami cs (McWi l l i ams et al • •  

1978; Semtner and  Hol l and . 1980 ) . 

An enormous  amount of computer-i ntens i ve work rema i ns to be done i f  the 

rol e of eddi es i n  the genera l ocean ci rcu l at i on i s  to be wel l understood . 

Present st ri ngent restri ct i ons rega rd i ng doma i n  s i ze .  gri d resol uti on .  

general i ty of the phys i cs .  the l ength of t ime i ntegrat i ons . and the 

expl orat i on of pa rameter space are a l l rel ated to l i mi ted computer t ime .  and 

need to be overcome i f  cont i nu i ng progress  i s  to be m�de . The i nteract i on of 

a l l reasonabl e phys i ca l  processes must be cons i dered i f  confi dence i s  to be 

had i n  the resu l ts . Th i s  i ncl udes the effects of bottom topography . coastal  

conf i gurat i on .  thermoha l i ne forc i ng . t i me-dependent forc i ng .  mi x i ng a l ong 

i sopycna l su rfaces . very st rong non -l i nea ri ty .  and nea r-su rface processes . 

b .  Ocean i c General  Ci rcul at i on Model s (OGCMs ) 

Ocean i c genera l ci rcu l at i on model s are used to depi ct the ocean currents 

and dens i ty st ructure i n  a t i me-averaged sense . wi thout expl i c i t ly  resol v i ng  

t he energet i c  mesosca l e edd i es .  Typi cal l y . such model s are confi gured to 

represent the ci rcu l at i on of an actual  ocean bas i n  rather than an i dea l i zed 
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(e . g . , rectangu l a r ) bas i n .  Mul t i pl e  ci rcu l at i on reg i mes may be i nvol ved . The 

emphas i s  i s  on predi ct i on of the l ong-term equ i l i bri um dens i ty fi el d and the 

sens i t i v i ty of that equ i l i bri um state ei ther to pa ramet ri c changes or to 

mod i f i cat i ons  in  forc i ng .  These model s pl ay a cruc i a l  rol e in  understandi ng  . 
many aspects of the l a rge-sca l e oceani c ci rcu l at i on and i n  answeri ng important 

pract i ca l  quest i ons , as fol l ows : 

a .  they a re capabl e of represent i ng i n  a un i f i ed manner the i mportant 

phys i ca l  processes occu rri ng i n  va ri ous pa rts of the gl oba l ocean 

( e . g . ,  water mass  format i on i n  h i gh l at i tudes , the ma i ntenance of the 

mi d-l at i tude thermocl i nes and gyre ci rcu l at i ons , and the 

representat i on of upwel l i ng and mean  zona l cu rrents in the t rop i cs ) ; 

b .  as progress  on the parameteri zat i on of mesosca l e edd i es takes pl ace 

us i ng EGCMs , the overa l l val i d i ty of OGCMs wi l l  i ncrease ; 

c .  veri f i cat i on of improved representat i ons of the oceani c ci rcu l at i on 

can be made aga i nst the known t i me-mean fi el ds of temperatu re and 

sa l i n i ty ,  as wel l as aga i nst the trans i ent di st ri but i ons  of 

radi oact i ve trace substances ; 

d .  short-term cl i mate va ri at i ons , now thought to be as soci ated wi th  

a i r-sea i nteract i ons in  the i ropi cs , can  be studi ed i n  order to 

i mprove l ong-range weather forecast i ng ;  

e .  l ong-term cl i mate changes , such as those rel ated to i ncreased C02 i n  

the atmosphere , can be model l ed ;  

f .  bi ol og i ca l  and chemi cal  model s can be i ntegrated i nto the phys i ca l  

model s for va ri ous sc i ent i f i c  and  engi neeri ng stud i es .  

Si gn i f i cant cont ri but i ons have al ready been made by OGCMs to the 

understand i ng of the l a rge-sca l e ocean ci rcu l at i on . These model s have begun  
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to show how the ocean t ransports  and stores heat as a vi ta l  part of the 

c l i mati c system (Bryan and Lewi s .  1979 ; Bryan .  Manabe . and Pacanowsk i .  1975 ; 

Wash i ngton et al • • 1980 ) . They have g i ven i ns i ghts i nto  the format i on of the 

thermocl i ne and deep water masses as wel l as nea r surface temperature 

a noma l i es ( Bryan and Cox . 1967 ; Semtner . 1976 ; Haney . Shri ver and Hunt . 1978 ) . 

They have been appl i ed to predi ct the di stri but i on of geochemi ca l and other 

t racer substances i n  the ocean ( Hol l and . 197 1 ; Sa rmi ento . 1981 ) .  In  the future 

t hey wi l l  be needed to gi ve quant i t at i ve answers to a l a rge number of 

quest i ons . spann i ng a range from i nt ri ns i c  ocean dynami cs to important · 

soci eta l  i ssues i nvol v i ng  cl i mate change . pol l ut i on control . and ocean i c 

resou rce management . 

The computat i ona l requ i rements of OGCMs a re si zabl e .  even though eddi es 

a re not exp l i ci t ly  resol ved . For examp l e .  to do a s imu l at i on of Paci fi c Ocean 

c i rcul ati on wi th adequate hori zontal  resol ut i on ( 1 ° gri d spaci ng ) for 

suffi ci ent t i me  to a l l ow format i on of su rface and i ntermedi ate waters ( SO 

yea rs ) woul d take about 1000 hours on a cl ass  s i x mach i ne .  

Ocean genera l ci rcu l at i on model s have a l ways been st rongly computer-l imi ted 

i n  the past . In  order to obta i n suffi ci ent ly  l ong t ime i ntegrati ons . spat i a l  

gr i d s i zes have been fa r too l a rge t o  represent even t ime-mean currents 

adequately or to a l l ow i ncl us i on of crude eddy parameteri zat i ons wi th anythi ng 

c l ose to the correct order of magn i tude . Improved spat i a l resol ut i on i s  

a bsol utely necessary i f  we a re goi ng  t o  have confi dence i n  the pract i ca l  

measu res suggested by model appl i cat i ons . An exampl e of a n  important 

ca l cul at i on that has tremendous potent i a l s i gn i f i cance i s  the predi ct i on of the 

ocean i c  ci rcu l at i on and the associ ated cl i mate of the Cretaceous peri od . duri ng 

wh i ch most of the known oi l and gas depos i ts were l a i d  down . A knowl edge of the 
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reg i ons of upwel l i ng nea r the surface wi th  cool rel at i vel y anox i c water  at depth 

woul d i dent i fy product i on reg i ons  for organ i cal l y  ri ch sed i ments . The vast ly  

di fferent arrangement of the ea rth • s  cont i nents du ri ng the  Cretaceous i s  now 

becomi ng suffi c i ent ly  wel l known to geol ogi sts  that a predi ct i on of the poorly 

known cl i mate and ocean ci rcu l at i on du ri n g  that peri od shou l d be ca rri ed out . A 

resu l t i ng i mprovement i n  the strategy for l ocat i ng new oi l reserves cou l d have 

bi l l i on -dol l a r consequences i n  the fi el d of energy product i on .  

c .  Regi ona l /Process  Model s 

These model s are usefu l for understandi ng the i nteract i on of sel ected 

phys i ca l  processes i n  l i mi ted spat i a l  and tempora l doma i ns .  They g1 ve i ns i ght 

i nto certa i n as pects of l oca l dynami cs wi thout the need for gl oba l or bas i n-wi de 

equ i l i bri um . Most of the reasons  put forth i n  Sect i on a as to the ut i l i ty of 

EGCMs are equa l l y  va l i d  for reg i onal /process model s .  Exampl es of such model s ,  

whi ch have al ready yi el ded substant i a l i ns i ghts i nto  ocean dynami cs , are : 

1 .  model s of the l ocal  equ i l i bri um of a mesosca l e  eddy fi el d wi th  

bottom topography ( Rh i nes , 1975 , 1977 ; Rretherton and Ha i dvogel , 

1976 ; Owens  and Bretherton , 1978 ; Owens , 1979 ) ; 

2 .  numeri cal model s of ocean i c jet i nstabi l i t i es ( Cox , 1980 ; McWi l l i ams 

and Chow , 1981 ) ; 

3 .  open bounda ry forecast model s ( Robi n son and Ha i dvogel , 1980 ) ; 

4 .  model s of Gul f St ream ri ngs and sol i ta ry waves (McWi l l i ams and 

Fl i erl , 1979) ; 

5 .  model s of the I ndi an Ocean seasona l  cyc l e  ( Cox , 1976 ; Ph i l ander and 

Pacanowsk i ,  1980 ) ; 

6 .  equatori a l  model s wi th  s impl i f i ed vert i ca l  structu re Hurl bu rt et al . ,  

1976 ; o • Bri en et al . ,  1978 ; Cane , 1979 ; Gent and Semtner , 1980 ) ; 
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7 .  ocean i c  mi xed l ayer model s (Mel l or and Durbi n ,  1975 ; Ki m ,  1976 ; 

K raus , 1977 ; Ga rwood , 1979 ) ; 

8 .  model s of Gu l f  of Mexi co ( Hurl burt and Thompson , 1981 ) .  

9 .  Southern Ocean model s .  

Al t hough reg i ona l /process model s are somewhat l ess demandi ng than EGCMs 

and OGCMs i n  terms of computer t ime ,  there a re neverthel ess many groups us i ng 

such model s throughout the oceanographi c commun i ty that feel computer l i mi ted 

to a s i gn i f i cant extent . An i mproved effort i n  process  model l i ng wou l d have 

benef i c i a l  effects , not on ly  for ou r understand i ng of l oca l processes , but 

a l so for improv i ng the t reatment of these processes i n  EGCMs and OGCMs . 

I t  shou l d be noted that process model s a re rea l l y  the on ly  means we have 

for studyi ng the fu l l tu rbul ent cascade of energy i n  the ocean , gi ven that 

very hi gh resol ut i on can be empl oyed . Hor i zontal  gri d spac i ngs  down to 

severa l k i l ometers a re needed for such studi es . I t  i s  l i kely that i n  certa i n 

model l i ng appl i cat i ons , the correct rep resentat i on of the i mportant turbul ence 

p rocess  i n  st rong current regi ons wi l l  requ i re imbedd i ng of hi gh resol ut i on , 

l ocal model s wi th i n  l a rger-doma i n  EGCMs or OGCMs . I n  thi s case , the comput i ng 

requ i rement of the regi ona l /process component of the model mi ght exceed that 

of the model i n  wh i ch it was imbedded . 

I t  must be st ressed that process model s have s i gn i f i ca nt ly  i mproved the 

u nderstand i ng of the l ocal dynami cal  ba l ances i n  many pa rts of the worl d 

ocean . They have al so as s i sted i n  the opt i ma l  des i gn of va ri ous oceanographi c 

f i el d  programs ( CUEA , POLYMOOE , EPOCS , PEQUOO ,  and SEQUAL ) . They rema i n  a 

p r ima ry l i nk wi th the rea l ocean , i n  that they rel ate most cl osely to rea l 

t i me-seri es of data , i ncl ud i ng new types of data obta i ned by satel l i tes . 
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OCEAN MODELS FOR CL IMATE 

The ocean pl ays many rol es i n  the earth • s  cl imate system,  a l most al l of 

wh ich  rel ate to the ocean • s  abi l i ty to store and transfer heat and to its  

exchange of  heat wi th the  overly i ng atmosphere. Th i s  coupl i ng of the 

atmosphere and ocean 1 s  fundamental  to the cl i mate system ,  but i s  poorly 

u nderstood because of the l ack of adequate observat i ons for the ana lys i s  of 

t he h i gh ly non-l i near processes i nvol ved. Moreover, changes i n  externa l 

forc i ng (e . g. , i nsol at i on ,  anthropogeni c effects ,  etc. ) can di sturb the 

bal ance of the cl i mate system and requ i re the establ i shment of a new 

equi l i bri um between the ocean and the atmosphere. It 1 s  only through the use 

of  a vari ety of ocean model s that the mechani cs of ocean-atmosphere 

i nteract i on can be di scerned and an eva l uat i on made of thei r rol e i n  the 

mai ntenance and change of c l imate on a vari ety of t i me sca l es .  

On the monthly t ime sca l e ,  vari at i ons i n  the heat content o f  the oceani c 

s urface mi xed l ayer can l ead to substant i a l  sea-surface temperature ( SST ) 

a noma l i es ,  to wh i ch the atmosphere may 1 n  turn respond. On the l onger t i me 

scal es of seasons to years , there are l arge-sca l e va ri at i ons of ocean 

c i rcu l ati on wh i ch may transport heat from one part of the ocean to another and 

thereby l ead to l ocal cl i mate anoma l i es ( e . g . , El  Ni no) . On the even l onger 

t ime scal es of decades and beyond,  changes i n  a i r-sea i nteract i on can l ead to 

c hanges fn  the amount of sea f ee and i n  the di stri but i on of deep ocean water 

propert i es ; these f n  turn can support new regi mes of ocean ci rcul at i on and SST 

patterns ( e . g . , Cl i map ) .  In addi t i on to thei r rol e i n  c l i mate , such oceani c 

vari at i ons are i mportant 1 n  the transport of essent i a l nutri ents for fi sheri es 

a nd 1 n  the transport and di spers i on of man-made wastes i n  the ocean. 

Ou r abi l i ty to study the coupl ed ocean-atmosphere system 1 s  today 1 1 m1 ted 

by the l ack of knowl edge on the physi cs of the boundary l ayers on ei ther s i de 
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o f  the a i r-sea i nterface , and by the i nabi l i ty to measure on a gl oba l bas i s  

t he fl uxes across th i s i nterface. We are a l so l i mi ted , however, by the 

u navai l abi l i ty of the computer resources requ i red for the comprehens i ve 

mode l l i ng program wh i ch i s  requi red to exami ne the ocean ' s  sens i t i vi ty to 

atmospheri c changes and to devel op adequate model s of the ocean ' s  rol e i n  

c l imate. 

Studi es of the rel evant ocean cl i mate processes can be addressed wi th 

oceani c genera l c i rcu l at i on model s by i mpos i ng c l i matol ogi ca l •surface• f l u xes 

from the atmosphere s imi l ar to numeri cal experi ments on the atmospheri c 

e ffects of SST a noma l i es or C02 i ncreases that have been carri ed out wi th 

a tmospheri c general c i rcu l at i on model s .  Important probl ems i n  such studi es 

a re understandi ng the format i on and ma i ntenance of the thermohal i ne 

c i rcu l at i on at di fferent l at i tudes , the ba l ance of deep water product i on by 

u pwel l i ng ,  and the forces control l i ng the abyssal  c i rcu l at i on of the oceans . 

These processes are rel ated to those respons i bl e  for the heat transport , C02 

absorpt i on , etc .  on decadal and l onger t ime sca l es ,  and evol ve over hundreds 

of years before reach i ng equ i l i bri um. It i s  therefore necessary to carry out 

extens i ve numeri cal i ntegrat i ons to study the l ong term c l i mat i c  effects of 

changes i n  the forc i ng fl uxes . 

Because the deta i l s  of mi xi ng processes i n  the ocean are not wel l 

u nderstood , i t  i s  a l so necessa� to be abl e to perform sequences of model 

i ntegrat i ons i n  order to assess the rel at i ve performance of di fferent phys i ca l  

parameteri zat i ons i n  t he  model s .  Further, careful cons i derat i on wi l l  have to  

be gi ven to the poss i bl e effects of  mesoscal e  moti ons i n  these model s ,  as the 

degree to whi ch these moti ons mu st be resol ved by the model has great 

consequences for the comput i ng resources requ i red. Si nce the computi ng 
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resources ava i l abl e for research i n  p�s i ca l  oceanograp� are presently 

severely l imi ted, such cal cu l at i ons can now be carri ed out only i n  l imi ted 

regi ons of the ocean. 

Despi te the l imi tat i ons on our knowl edge of many aspects of ai r-sea 

i nteract i on as noted above , i t  i s  important to proceed wi th experimental 

ca l cul at i ons empl oyi ng coupl ed ocean-atmospheri c model s .  Even rel at i vely 

s impl e  vers i ons of such model s ( e . g • • those us i ng an oceani c mi xed l ayer) can 

be used to i nvesti gate the format i on and evol ut i on of SST anomal i es .  The 

poss i bi l i t i es for c l imate studi es wi th  more general  coupl ed ci rcu l at i on model s 

a re l imi ted at present by the scarci ty of h i gh-qua l i ty ocean and a i r-sea 

i nteract i on data sets needed for veri fi cat i on ,  and by the overwhel mi ng demands 

made on computati onal resources by thi s type of model . 

Al though cons i derabl e effort has been di rected to the analys i s  of 

h i stori cal  data sets and the col l ect i on of new oceani c surface data , our 

k nowl edge of surface wi nd stress , net surface heat fl ux and of the detai l ed 

thermal structure of the ocean on even the l arge sca l e  i s  sti l l  qu i te l imi ted. 

Greatly expanded data sets are needed to document the c l imate vari abi l i ty of 

t he ocean and to support the devel opment of improved model s for c l imate 

research. 

Improved model l i ng as wel l as expanded observat i onal studi es of sea- i ce 

behavi or i s  another area of great importance for c l imate studi es i n  vi ew of 

the l arge amount of heat that can be extracted by the atmosphere i n  pol ar and 

s ubpol ar regi ons whenever l eads occur i n  the i ce cover. The extent of such 

l eads depends on both the t i me  h i story of the i ce and the l ocal surface 

p ressure and wi nd stress fi el ds ,  and requi res a model for the sal i ni ty source 

p rovi ded by i ce formati on and mel t i ng. 
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I t  i s  cl ear that ma� cl i matol ogi cal ly i mportant probl ems depend on our 

1 ncreased understandi ng of processes i n  the ocean. In  order to address these 

p robl ems adequately . improved data on the phys i ca l  state of the oceans and the 

a 1 r-sea fl uxes are needed to support s i gni fi cant ly i ncreased model l i ng 

a ct 1 v1 ty for whi ch greatly i ncreased coq)utat i ona l resources wi l l  be requi red. 

On l y  w1th the knowl edge gai ned from such atmosphere-ocean model s i lll.l l at i on 

e xperiments can we hope to obta i n  a better understandi ng of the behavi or of 

t he earth • s  c l i mate system. 

An extens i ve bi bl i ography may be found i n  Ocean Model s for C l i mate 

Research . u . s .  Co11111i ttee for GARP . NAS . 1 981 . 
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COASTAL DYNAMI CS AND TIDES 

The study of ci rcu l ati on and wave dynami cs i n  the nea r coasta l 

envi ronment ( i ncl ud i ng the cont i nental  shel f and sl ope ) has recei ved 

cons i derabl e attent i on by oceanographers i n  the l ast two decades for severa l 

reasons . One has been the renewed i nterest i n  coasta l  upwel l i ng and i t s  

rel at i on to  a l l t roph i c l evel s of the ri ch bi ol ogi ca l  communi t i es wi th i n the 

coasta l a rea s . Another i s  the concerns of the ecol ogi sts  wi th  rega rd to 

poss i bl e  i mpacts of i ndustri a l  pol l utants i nt roduced i nto the coastal 

envi ronment . i n  whi ch the redi stri but i on by currents i s  a vi ta l  cons i derat i on .  

A th i rd i s  the concern wi th real t ime predi ct i on of fl oodi ng of coastal  

commun i t i es caused by severe storms cros s i ng the cont i nenta l  shel f or by 

tsunami s generated by sei smi c events . A fronta l  attack on these and rel ated 

p robl ems of coastal  dynami cs has been made feas i bl e  by the emergence of the 

p resent generat i on of h i gh speed computers and model l i ng technol ogy . 

Moreover .  some of the resul ts of the model l i ng of wi nd-i nduced ci rcul ati on on 

the cont i nenta l  shel f has l ed to such important di scoveri es as  na rrow 

undercu rrents du ri ng upwel l i ng events . whi ch were l ater confi rmed from hi gh 

resol ut i on fi el d  stud i es .  

An excel l ent summa ry of the present state of the a rt rega rdi ng model s of 

wi nd-dri ven currents on the cont i nental  shel f i s  gi ven by Al l en ( 1980 ) . A 

rel ated summa ry of recent advances i n  shel f wave dynami cs i s  g i ven by �sak 

( 1980 ) . The efforts 1n numeri cal model l i ng of these phenomena has l ed to 

renewed i nterest i n  ana l yt i ca l  aspects of the probl ems . Al so . hand-i n-hand 

wi th these studi es have been adva nces 1 n  methods of ana l ys i s of current meter 

data  as 1n  the  works of  Al l en and  Kundu ( 1978) . Brooks ( 1978) . and  Ha l pern 

( 1976 ) . 
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Model s of wi nd- i nduced currents as empl oyed i n  coasta l  upwel l i ng studi es 

a re genera l ly prognosti c , n-l ayer, primi t i ve equat i on model s whi ch a l l ow  for 

vari abl e topography ,  rotat i on and vari abl e wi nd i nput as i n  those of Hu rl burt 

a nd Thompson ( 1973) a nd Peffl ey and O ' Bri en ( 1976 ) . The l atter model s empl oy 

a n  effi ci ent semi - imp l i c i t  methodol ogy whi ch makes extens i ve parametri c 

s tudi es feas i bl e. 

Di agnost i c  model s  for quas i -stea� ci rcu l at i ona l regi mes i n  shel f regi ons 

have been devel oped by Hsueh and Peng ( 1978) a nd Ga l t  ( 1980 ) . These schemes , 

l i ke thei r deep water counterparts , rely heavi ly on the exi stence of fi el d 

data on dens i ty structure pl u s  some i nformat i on on boundary currents .  They 

a l so rely heavi ly on appropri ate "tuni ng" wi t h  respect to fri ct i ona l 

parameters . Th� represent bas i cal ly an object i ve method of i nterpol at i on and 

a nalys i s  of exi st i ng data so as to y i el d  est i mates of the c i rcul at i on. 

Model s of storm- i nduced water l evel di sturbances ( surges ) have been 

a round for a l ong t ime.  However, rea l -t i me  predi ct i on based upon the sol uti on 

of the two-d i mens i ona l depth i ntegrated equat i ons of mot i on i s  rel at i vely 

recent (Jel esni ansk i , 1 965,  1972) . Model s wh i ch a l l ow  for coastal fl oodi ng 

h ave been empl oyed i n  engi neeri ng des i gn probl ems ( Re i d  and Bodi ne, 1 968 ; 

But l er , 1978) . Model s whi ch a l l ow  for assess i ng the three-d i mens i ona l 

s tructure of storm generated currents i n  a homogeneous but vi scous fl u i d  have 

been appl i ed by Forri stal l ( 1 974 , 1980) . 

A rel ated probl em i s  that of earthquake- i nduced tsunami s .  Recent stud i es 

i nvol vi ng cons i derab l e  computer effort i n  assess i ng the spectral response at 

i s l and coastl i nes are reported by Bernard and Vastano ( 1977 )  a nd Houston 

( 1978) for the Hawa i i an I s l ands . The fi rst of these studi es empl oys a fi n i te 

d i fference prognost i c  model wi th  a broad-band spectral i nput ( i nc i dent wave ) 

i n  order to determi ne the exc i tati on of trapped wave resonnance·s . The 
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second study formu l ates the probl em i n  terms of the forced hel mhol z equat i on 

for monochronat i c  waves and empl oys a fi ni te el ement vari at i onal model to 

obta i n  numeri ca l sol uti ons . 

-wh i l e  the model l i ng of t i des i s  bas i ca l ly a g l oba l probl em we have 

i nc l uded a di scuss i on of th i s  i n  th i s sect i on ,  because of i ts profound 

i mportance i n  coastal waters and because i t  represents primari ly a barotrop i c  

forced wave probl em. Al so we wou l d be remi ss  i f  we di d not recogni ze the 

recent extens i ve model l i ng efforts wh i ch have been made i n  respect to thi s 

p robl em. Recent summa ri es of the subject are gi ven by Hendershott ( 197 7 )  a nd 

Schwi dersk i ( 1980 ) . These serve not only to gi ve a comprehens i on of the 

present state of the art i n  th i s  l ongstandi ng probl em, but a l so of the 

enormi ty of the computer efforts requi red i n  sol vi ng th i s on a gl obal sca l e. 

I t  cl early can compete wi th OGCMs wi th respect to requi red computer resources , 

e ven i f  AD I or other i mp l i c i t  methods are empl oyed i n  a t ime march i ng 

c omputat i on over a suffi c i ent number of cyc l es to reach a stea� forced state 

for a gi ven t i da l  const i tuent. 

A probl em di rectly rel ated to that of t i des on a g l obal scal e ,  as wel l as 

to the barotrop i c  model of response of the ocean to wi nd or pressure forc i ng 

at  sub- i nert i a l  frequenc i es ,  i s  that of the barotrop i c  normal model of the 

oceans. Thi s probl em has been addressed i n  three i mportant papers by P l atzman 

( 1 972,  1975 , 1978 ) . In  the second two of these studi es ,  both the gravi ty 

modes and the vort i ci ty modes are i nvest i gated. The l atter represent 

s ub- i nert i a l topograph i ca l  pl anetary modes , whi ch are i mportant i n  

c i rcu l at i onal studi es , wh i l e  the gravi ty modes are more pert i nent to the t i da l  

probl em or  to  surface forc i ng at  super- i nert i a l  frequenci es .  

I n  each of  the i nterest i ng and i mportant probl ems di scussed above 

( coasta l upwel l i ng ,  shel f waves , shel f ci rcu l at i on ,  coastal surges and t i des ) , 
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c ons i derabl e progress wi th  regard to predi ct i ve capabi l i ty and understandi ng 

has been ach i eved through model l i ng efforts i n  concert wi th rel ated fi el d  and 

a na lyt i c  studi es. However. there rema i ns cons i derabl e room for further 

devel opment. Most of the exi st i ng model l i ng studi es have been accompl i shed 

w i th l imi ted computer resources . In  a way th i s  has been good i n  that i t  has 

forced the model l ers to proceed caut i ous ly and has l ed to the devel opment of 

fai rly effi ci ent al gori thms for deri vi ng the maxi mum i nformat i on from l i mi ted 

resources . As i n  most pi oneeri ng studi es wi th  new tool s .  unforeseen areas of 

i nterest ari se whi ch need to be pursued. Such i s  the case wi t h  ed� resol vi ng 

ocean model s and h i gh resol ut i on shel f model s i n  wh i ch the non-l i near cascade 

of energy and �nami c i nstabi l i t i es need further study i n  order to poi nt the 

way towards more adequate means of dea l i ng w i th  the turbu l ent cl osure probl em 

at  sub-gri d sca l e.  Indeed i n  the shel f probl ems where fri ct i ona l boundary 

l ayers pl ay a rather vi tal  rol e i n  the quas i -stea� ci rcu l at i on .  h i gher order 

c l osure model s such as those of Johns ( 1 978 ) need to be pursued. However. 

t hese techni ques can l ead to a quantum jump i n  terms of requ i red computer 

resources . 

Th i s  i s  true as wel l of the gl oba l t i da l  and tsunami model s wh i ch requ i re 

better resol ut i on i n  order to converge on sol ut i ons whi ch are truly a 

s imu l at i on of the rea l worl d. 
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