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ABSTPACT 

This report  presents the r e su l t s  of an interdiscipl inary study made 

by a committee selected from the Old Dominion University science faculty. The 

purpose of the study was t o  es tab l i sh  the major problems an3 research needs 

i n  coastal  zone oceanography. These a re  presented for the individual d i sp i  

of biology, chetnistry, geology, and physics, including coastal  zone meteorology, 

with special  enlphasis on those problems and needs 0 %  an fnterdiscipl inary 

nature. 

Among coastal  zone problems highest p r io r i ty  is assigned to  pollution. 

The grea tes t  need was found to  be acquisit ion of mre physical data for improv- 

ing our knowledge of coastal. water mixing processes. 

Required ground t ru th  measurements and possible application of Earth 

Resources S a t e l l i t e  (ERTS) sensory data for solution or' spec i f ic  problems are 

given. 

Recommendations are presented concerning cooperation between NASA and NSF 

r e l a t ive  to ERTS application t o  the International Decade of Oceanogra 

Exploration. 



PIGFACE 

Discussioraswere held in Pilay 1970 between personnel of the 

Applied Materials and Physics Division, Aerospace Mechanics Branch, 

NASA - Langley Research Center, and the School of:Sciences, Old 

Dominion University. 

agreed tha t  a committee of the Old Dominion University faculty 

would do a survey of the problems i n  coastal zone oceanography 

and of the research needed t o  a i d  i n  solution of these problems. 

A task-order for t h i s  project became effective June 5, 1970, with 

a f i n a l  report  due on September 1.5, 19?0. The Langley task de- 

scr ipt ion and the O l d  Eominion University proposal are attached i n  

appendix. The organization of  the study committee and the planned 

approach to the specif ic  task responsibi l i t ies  are outlined i n  

the Old Dominion Universlty proposal. 

As a resvlt of these ddscussions i t  was 
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The comprehensive report  (1) by the Commission of Plarine Science, Engineer- 

ing, and Resources includes a basic def ini t ion of the coastal  zone. This area 

is described as ''including seaward, the t e r r i t o r i a l  sea a% the United States 

and landward, the t i d a l  waters on the landward side of the low water mark along 

the coast, the Great Lakes, port and harbor f a c i l i t i e s ,  marine recreational areas 

and indus t r ia l  and comer:dal  s i t e s  dependent: upon the seas o r  the Great Lakes". 

This description is accepted for the def ini t ion of the  coastal  zone i n  t h i s  re- 

port, with two s ignif icant  modiEications. The seaward l i m i t  sha l l  extend a t  l ea s t  

to  the margin of the continental shelf and the references to  the coastal  zone 

sha l l  not be limited t o  the t e r r i t o r i a l  waters of ?he United States.  

The significance of the coastal waters to  commerce, a source of natural  

resources, recreation, and national defense has been dtscussed i n  several recent 

* repar ts  on both national and internationallevels (1-23). There i s  common agree- 

ment tn these studies regarding the importance of the coastal zones and their 

need f o r  organizdd management and seudy. To the sc i en t i f i c  and engineering com- 

munity this posit ion offers a rather formidable challenge to  solve the myriad 

of problems associated with the coastal zone. There are additional indus t r ia l  

and economic i n t e re s t s  concerned wtth the u t i l i za t ion  of the l iving and non-l 

natural resources i n  these waters and the continental die3.L. The growth of 

metropolitan centers along the coastl ine has created additional problems of pol- 

lution, the need €or new recreational f a c i l i t i e s ,  and have modified severely 

shore l i n e  structures i n  the coastal  zone region. The overal l  physical and 

biological interrelat ionships  ehat ex i s t  awe vast  and i n  most cases, l i t t l e  

understood, or unknorm. 

Past e f f o r t s  to study the coastal  zones have been essent ia%ly , i so la ted  

e f fo r t s ,  oriented to  local ,  sometimes regional areas.  It i s  important t h a t  these 
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t too limited i n  the i r  scope and include input of information f r o m  

urces, fo r  these coastal current systems know no state o r  

ry. Thus, there i s  a great need for  broad coordinated studies 

of the coastal regions. In  many cases, the solutions to these major but different  

problems depend on the acquisit ion and use of similar data .  This relationship 

ehe use of common data i s  apparent to the marine sc i en t i s t  who finds that an 

~ ~ t e ~ ~ d ~ s c i ~ l i n ~ ~  approach to oceanography i s  paramount. The solution of co- 

ordinated e f fo r t s  by research reams has become the fundamental method i n  solving 

these needs In the coastal zone. However, each of these sc i en t i f i c  groups, who 

are components of the coastal zone research community, have unique problems tha t  

call upon t h e i r  imate  expertise for  solution. It is the purpose of t h i s  report 

t o  question the major groups of t h i s  community, and to  note the i r  respective areas 

of major concern and experimental needs, A common denominator i s  sought that  may 

represent a need nost useful to  one or  to  a l l  the groups. The resu l t s  of t h i s  

o r t  includes the recommendation of an area of study mutually necessary to the 

roblem solving requirements of the coastal community and specif ies  the environ- 

mental parameters t h i s  group requires and considers most significant.  



BIOLOGXCAL NEEDS 

Despite the comparative uniformity of the physical oceanic e ~ v ~ r o ~ m @  

exhibits 8 greater divers i ty  of forma than s f 1  of the %a d and fresh water 

cnmhinerl Amnno the nnnnnmsitit- fvnac nolv f n r r r  r r f  rhe rclea’l 59 unaallv recogniz- 

ed classes of animals lack marine representatives. Some 25 animal classes P 

the en t i r e  phylum Echinodermata (about 6,800 species) are  wholly mcari e. Thls great 

diversity resu l t s  i n  an ecological complexity unknown in the t e r r e s t r i a l  realm. 

The development of marine ecology has been hampered by an incomplete knowledge 

tin the ident i ty  and complete l i f e  cycle studies of the oceanic f lora  and fauna, 

Many of the concerns of marine biology o r  ecology depend upon the accurate i 

fication and census of the species encountered. 

One needs to  know not only what organisms are found where, and under what e m i r -  

onmental conditions, but a l so  in what absolute and relatdve numbers, These c ~ ~ s i d ~  

erations w i l l  be influenced by the methods and frequence of sampling u t i  

i s  necessary that  standard methods be employed, or  that  different methods be re- 

lated to the same base, for  comparable results. In acldition to basic considerati 

such as composition, distribution, and numbers of species; there is 

measurement of the biomass contributlon by each sp 

economy of each ecosystem. A more accurate Icnavledge o f  production a t  ea@ 

level would yield-egztimates of overa 

knowledge would have pract ical  and theoretical  a 

There are several approaches t o  the study of ecology that. 

~ s t a b ~ i s ~ i ~ ~  feasib 

division is, the autecological v e r ~ u s  the syne 

with the externsive study of ind.lvidual. specie 

and fs often f ~ d ~ s ~ ~ n g u ~ ~ h a b ~ e  from such disci 

t y  and areas of prime Imp 

ne the ~ ~ ~ u r a l  



4 

ep~oductive p tentiablb habitat requirements, tolerance ranges, 

symbiotic refart ships, longevity, mortality, recruitment, 

food relationships. Though some autecological information is 

y members of the producer level, and a little =re for the com- 

editors and scavengers, virtually nothing is l m o ~ n  about the 

which link these two levels of the various marine ecosystems. 

ecies interactions and interdependencies relies upon such 

nd i s  considered a major area where more investigations are needed. 

st aspects of autecological studies require the close examination of speci- 

e use of remote sensors. With the exception of possible 

f sensor8 in studies of distribution, movement, and behaviour (provid- 

d i v i d ~ ~ ~  species can be discriminated) the primary contribution of these 

~ e v ~ s e ~  to autecological studies appears to be in the examination of the physical 

of the environment. 

Synecology is concerned with the study of groups of interacting species (corn- 

ieiera). Often the findings of autecology play a fundamental, part in explaining 

ses of multiple interactions characteristic of communities 

and both approaches are essential to a full understandtug 

f ecQlQgica~ phenomena. The major areas of concern in synecology include: the 

itative stutly of population and community dynamics, prediction 

f future ~ ~ ~ ~ @ s  in succession, species interactions, biogeochemical cycling and 

atal objective is the understanding of these entities 

wdth appropriate consideration and natural flwations. 

include predati.on and food chafn inter-relationshipa. 

i e s  investigate the qualitative and quantitative move- 

rients or elements between the biotic and non-living components 

concerns the nutrtttonal aspects of ecosystems 



mote censor and satellite te 

Neither the  proposed ERTS A and B, nor the E and F f. 

the biological conmtunltFes. 
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ere known to be actively engaged in major studies in coastal 

roughout the world. and 2) names of marine biologists from academic 

institutions, state and federal fishing laboratories, and industry, as provided 

from membershi lists of professional organizations. 

A t  of 171 (21e2%) of the questionnaires were returned (note table below). 

Of the foreign rrespondence the return was 22.8%, with the response from the 

United States investigators 21.1%. Although replies are still being received. it 

I s  belfeved that the responses to date are a representative cross secti.on of the 

opinions of the marine biologist regarding research in coastal zone oceanography. 

Questionnaires 

Scientists Mailed Re turned Percent Re tu m e  d 

U S  7 20 152 21.1 

Foreign 83 19 22.8 

Total 803 171 21.2 

The folbwing table summarizes the results of the portion of the questionnaire 

which asked the recipients to place the listed major study areas in order of 

priority. 

Major Study Area Priority rank 

1 2 3 4 5 

Coastal geography and cartography 5 9 22 38 16 
Fisheries 27 72 39 10 4 
Wazards to shipping and coastaline 3 6 19 39 30 
POllUtiQn 94 39 12 1 2 
0 the rf:* 38 29 28 4 2 

fudes a variety of subjects, but usually a more specific aspect of 
e other 4 areas. 

5 r t ~ o ~  of the questionnaire asked for a more detailed statement 

e information received in this part of the questionaire 



y r e f l ec t s  the, r i t y  rankiags gfven above. The responses reveal &e 

1. P o l ~ u t i ~ n  is  the study area of primary concern in  rep l ies  from 
both American and foreign respondents, 

2. Estuarine s tudies ,  par t icu lar ly  those dealing with the po 
of es tuar ies  a re  c r i t i c a l ,  

3. Fishery and shelf resource s tudies  a re  great ly  needed. Yany fishery 
problems are  c losely related to  the other mgor problems in  the coasta 
zone. 

4. lhny responses emphasized t h e  need for good hydrological informat 
(e.g., current pat terns ,  temperature and s a l i n i t y  dis t r ibut ions,  e tc . ) ,  
Broad synoptic data was requested by many. 

5.  me need for basic ecological s tudies  was st ressed (e.g., l i f e  
h i s to r i e s ,  productivity, bkotic composition, ecosystem dyna. 

6. Specific geographical areas  of concern were difficu 
Iany problems were viewed on a worldwide basis;  howeve 
near population centers were most frequently mentioned 
mentioned by many respondents were Chesapeake Bay, San Francisco Bay, 
and the northern Gulf of Mexico. The mention of these three areas perhap 
r e f l ec t s  a cer ta in  amaunt of bios re f lec t ing  the distributiora of marine 
s c i e n t i s t s  a s  well a s  the d is t r ibu t ion  of major problems. 

The questionnaire 'responses s ta ted  numerous specif ic  problems a data defici-  

encies which w i l l  not here be enumerated, These, however, have been studied by 

the cownittee and a r e  ref lected i n  many portions of t h i s  report ,  The c a m i t t e e  

believes the emphasis placed on polflution and f i sher ies  bhslogy s. major axem of 

concern warrants addi t ional  expansion and these have been discussed i n  more det 

i n  the following pages. 

nd foreign biologis ts  have both stressed the need ha: more study con- 

cerning the nature and e f fec t s  of pollutio~a on orgaaisme sf out b 

nee i f & &  i n  re la t ion  to  their  presence d tox ic i ty  to  the ccsmp 
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n i ty ,  the8r permanence i n  the loca l  area,  and t h e i r  f i n a l  

n the e n v ~ r o ~ ~ t ~  

of lu t ion  may be defined as the deletarious modification of  our 

argely due t o  the d i rec t ,  o r  ind i rec t ,  by-products of 

a c t i v i t i e s .  These modifications may be to  food supplies, energy pat terns ,  

ca l  and physical factors ,  or t o  organismal abundance. Some 

ges m y  ultimately a f f ec t  man through h i s  supply of air, water, and 

opportunities for recreation and overal l  appreciation of 

enerd ly ,  once the pollutant ha6 entered the coastal  waters, its fu l l  impact 

luenced by a multiple of factors.  These include (24): a} the 

d dispersion of the pol lutants  by water masses, b) transport  by currents 

rad migrating organisms, c) concentration of the pollutant by biological processes 

iml t issue,  and d) physical conditions leading to  bottom precipi-  

us e f fec t  of pollution is  the d i rec t  mortality of the f lo ra  and 

osynthetic r a t e s  i n  phytoplankton, animal sexual 

d carcinoma have also been a t t r ibu ted  to  various 

i s m s  to spec i f ic  pollutants appears t o  be highly 

sedentary species often being more susceptable 

though the marine waters are vast ,  many of these 

produce t h e i r  e f f e c t s  i n  minute concentrations (e.g. less than a 

ses). It is therefore necessary to  be ab le  to 

ts concentrations for accurate correlat ions 

E pollutants  frequently present a wide range 



parasite relationships. These changes c 

of sucb species to different areas9 

rate, disease susceptability, or 

the natural role of pheromones to 

Areas of high oceanic pro 

special circulation patterns 

areas of high productivity are 1 

where active mixing and coae 

to the slurface. The added si 

nutrients can also come poll 

and radioacttve isotopes, wh 

is that we are unable to predict such 

the marine bio 

of the research nee 

ieal systems and 

nee of @ s t ~ K ~ e ~  
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udge barge loading, and o i l  s p i l l s  w i l l  have on coastal  regions; 

n ta t ion  to measure and monitor pol lutants  a t  marine col lect ion 

consensus i s  tha t  basic ecological s tudies  from which comparisons 

are lacking. Without these base Line s tudies  it is impossible to  know 

c s f  damage being caused by pollution. Many types of pollution have been 

y, thermal, pest ic ide,  o i l ,  nu t r ien t  (from domestic sewage, e tc . ) ,  

eotides. The lack of information on the d i r ec t  and synergis t ic  ef-  

t an ts  is mentioned repeatedly by the responders t o  the questionnaire. 

for tbe detection and quantification of pollutants  i n  re la t ion  t o  water 

ttems is  stressed. The need for  monitoring environmental parameters 

a l l  pol lutants  i s  stressed. Studies to  ident i fy  organisms or spec i f ic  corn- 

can be used as pollution indicators  a l so  ranks high. 

f ica t ions  of the marine environment may be brought about 

These agents m y  be -broadly c lass i f ied  a8 chemical, 

nd sediment pollution. 

Pollutants - the chemical pollutants  of greatest  importance include 

: organic pesticides,  heavy metals, crude oil and i ts  derivatives,  

des, and nutr ients .  

. Organic Pesticides - these compounds can be generally separated into 

es: 1) chemically unstable, and 2) chemically s tab le  compounds (such 

e ch'hrinated hydrocarbons). Though the first gror?p can cause %mediate  

area, the umpredictabflity of t h e i r  xelease limits 

detect thefs presence before t h e i r  e f f ec t s  are manifested. 

y cause immediate moztality, but i t s  course of act ion is 



frequently by the phenomenon of bfolsgfcal magniZicatfon iin the food chai8in whi 

r e su l t s  i n  increased pest ic ide accumulation within organisms tha t  eventually %e 

t o  death. The quantificatLon of the s table  organic pest ic ides  is 

concern to many investigators.  Comments by investigators reveal come 

*lhigh of chlorinated hydrocarbons being detected i n  both she 

fish.  The usual methods employed to detect these substances require 

of animal t i s sue  o r  water samples by gas chromatography. The instrumentatSon 

capabi l i t i es  required for sat isfactory investigation of these and other ~ o ~ ~ u ~ a ~ t  

a re  presented in  'the. section on chemica oceanography, 

Organic pest ic ides  a re  entering the continental shelf, and especial ly  the 

estuar ies ,  from areas of organized agr icu l tura l  a c t i v i t i e s .  The wide use 

cides for  control of insect  vectors of human disease adds another source. Some of 

these chemicals a r e  being carr ied in to  the oceans by fresh water streams, with 

additional quant i t ies  derived from air  borne sources. The geographical s ign i f i -  

cance of these pol lutants  is global i n  scope, with the i r  presence 

the world seas. The concern for the r i s ing  concentrations 0 %  these products is 

fur ther  substantiated by responders from Zurope, Asia, AustralTiP, and Ceratr 

North America, 

B. Heavy Metalst Crude Oi l .  and L r s  derivatives - these groups appear t 

exhibit  similar properties to  those of the stable organic pesticides. The heavy 

metals en ter  the oceans from aLr borne sou~ces (vehbcular combustfsn), as ~~~~~~~~~ 

ef f luents ,  arid i n  waterways derived from t he i r  use i n  human and agricu 

disease control. The seriousness OS lead pollution has be ized longer e 

ehat from other  heavy metals. However3 recent concern with mercury ~~~~u~~~~ in 

fresh and marine waters indicates  the whole class of heavy meta 

compounds should be evaluated. 

The major areas  of petroleum polhticm. 5nclude E€-shore o5.f weLfs; the 



shipping lanes, and areas  i n  and around in temat iona l  harbors. Bi l l ions of gallons 

of crude o i l  and i t s  products a re  entering the marine environment annually, and 

large spills have become common. The seriousness of t h i s  type of pollution should 

receive a high p r io r i ty  €or investigation. Current methods of detection and quanti- 

t a t i ve  identiEication of petroleum products require the use of gas chromatography 

mass spectrochemical analysis,  and nuclear magnetic resonance. Elethods employed fo r  

the detection an6 quant i ta t ive ident i f icat ion of heavy metals require i n  s i t u  

sampling and includes t i t r imet ry ,  colorimetry, gas analysis OT spectrochemical 

analysis,  

C. Radio--nucleotides - the well established dangers associated with 

radioactive substances make these products of special  concern. A t  the present time 

the i r  sources appear to be somewhat l imited and o f fe r  a problem of regional concern. 

The increasing number of nuclear generating plants and atomic powered ocean vessels 

represent the major sources for  these pollutants.  The radioactive substances a re  

the only class of pollutants whose e f f ec t s  have been extensively studied. However, 

less work appears to  have been conducted on the e f f ec t s  and pathways of radioactive 

substances i n  marine ecosystems, than in  t e r r e s t r i a l  o r  fresh water systems. The 

usual method employed i n  the study of these materials include: concentration, 

and specialized preparation of samples for analysis i n  e lectronic  radioactive 

etect ing systems such as: Geiger-Muller detectors,  gas flow counters, and l iqu id  

f l a t ion  detectors. These analyses a r e  d i f f i c u l t  and often require extensive 

e preparation. 

D. Nutrients - excessive contributions of compounds containing nitrogen, 

otassium and phosphorus have been shown to  cause undersirable s h i f t s  i n  aquatic 

ecosystems. The process of aquatic enrichment known as eutrof icat ion has produced 

e r g i s t i c  e f f ec t s  tha t  have resulted i n  the dcstruction of commercially import- 

an t  species and the creation of conditions of potent ia l  human health hazards. 



The major sources of such materi Is are outfalls from municipalit 

Additional secondary sources include septic systems and coast dustry. 

The effects of this pollution is generally localized in areas of high po 

density and industrialization. The mouths of large river systems and 1 

pal outfalls, such as those that exist near M a m i ,  San Diego and New Yo& City, 

have been especially affected by this type of pollution. 

cation of these materials utilizes standard chemical analyses. 

The defection of 

fI.  Thermal Pollution. - thermal pollution, or the addition of water 
temperatures than surrounding waters, i s  frequently derived from sources s 

atomic generating plants and certain industries. This modification of the water 

has been demonstrated to Rave a profound effect on the conposition of 

biological communities. There is general controversy as to the real s 

of thermal pollution to the local biota. Some investigators feel that @he efgects 

caused by temperature increases are of little significance since they are es 

ially localized. Other workers contend that tbe eEfects are potentiall 

ing and can significantly alter much of the biota in estuarine areas9 

reaching repercussions Lf the thermal change is located in coast 

Any sensors capable of detecting temperature chaages withi 

centigrade would be useful in determining the presence and ~v~~~~ o 

waters. 

111. Sediments - the continental shelf area is especially af 

engineering projects such as damming, dredging and f 

ment of sediments by these activities will influence coastal h a b ~ ~ ~ ~ s  

inhabitants; these actions have s e a d i l y  reduced salt marshes 

coastal communities. Information is needed 

fate Q €  these materials, as 57el 

to the significance of coastal zone br 

of 
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e wor2ld's es tuar ies  have been affected by human accel lerat ion of the s i l t a t i o n  

process. The e f fec t s  of t h i s  material on coastal organisms is determined by i n  s i t u  

s for= of pollution i s  discussed i n  the section of geological oceano- 

The resolution of the ERTS space s t a t ion  payloads (300-600 f ee t  ERTS-A, 200 

fee t  ERTS-E and F) excludes the use of s a t e l l i t e s  for many of the problems associ- 

ated with biologically re la ted pollution studies. Most phenomena of i n t e re s t  are 

of too f ine a dimension to  be detected by t h i s  device. 

Many important pol lutants  such a s  pest ic ides  and heavy metals a r e  deleterious 

i n  such minute quant i t ies  t ha t  t h e i r  detection from a s a t e l l i t e  platform is highly 

unlikely. Only polluting substances , such as large hot water eff luents ,  o i l  

i l l s ,  and large amounts of s i l t  would be immediately detectable. 

Refer t o  the section i n  t h i s  report on Chemical Oceanography for the resolu- 

t ion parameters required for detectable 'chemical pollutants.  

One of the areas of pollution research most d i rec t ly  applicable to s a t e l l i t e  

sensing is the monitoring of the s ta tus  of coastal  marshes. InPra-red spectra can 

be used to  indicate the presence and geseral  v i t a l i t y  of t h i s  vegetational area. 

e basis  for t h i s  type of  application has already been demonstrated €or agricul-  

t u r a l  crops. A decrease i n  v i t a l i t y  would indicate the e f f ec t s  of natural  o r  human 

ac t iv i t i e s .  A correlat ion of v i t a l i t y  change with s a t e l l i t e  detected temperature 

i n t t y  changes would help t o  delimit the causative agent. Monitoring of 

carbon dioxide and/or oxygen f lux by using appropriate spectral  bands would y ie ld  

lues for productivity ra tes .  These data would provide essent ia l  information fo r  

valuating ecological eff ic iences ,  would contribute t o  our understanding of the 

system energetics and changes from normal productivity ra tes ,  and could 
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suggest 

s tudies  

pollution o r  other  types of de e te r i sus  e f fec ts ,  Ground t ru th  for ghese 

would u t i l i z e  standard methods and techniques such as Rarvesting, gas 

analysis,  o r  t o t a l  chlorophyll determination on selected representative s 

Ground t ru th  could be established by select ing appropriate areas o r  by t R  

of pollutants.  The e f f e c t s  of the modification to  the enviroment by engineering 

s t ructures  could be detected by changes i n  observed physical parameters. Aftera- 

t ion to the coastal  biota  could be observed by changes i n  the productivity rates, 

t o t a l  chlorophyll composition, or perhaps by visable changes, such a s  on large 

a l g a l  beds. Gross changes i n  areas  with extensive cover could be detectable with 

infra-red imagery. Ground t ru th  might be established by d i r ec t  sampling te 

o r  the use of re la t ive ly  low airplane overf l ights .  The use of airplane based sensors 

would seem t o  o f f e r  the greatest  application for  pollution related s tudies  (1 

The s tudies  by the Purdue University Agricultural  Experiment Stations and the 

School of Elec t r ica l  Engineering (15) demonstrates the f e a s i b i l i t y  of t h i s  

The frequency of da ta  col lect ion needed would depend upon the exact nature 

phenomena under study. Biologically selected phenomena would require frcqu 

due t o  the close relationships exis t ing between l i f e  forms and t h e i r  env&ro 

For such s tudies ,  maximum and sinimum values of these parameters a r e  neede 

fore i t  is necessary to  co l lec t  data during different  seasons, under d i f f e  

weather conditions, and a t  various times of the day. Ifany physical3.p re 

phenomena such as the behaviour of sediments are great ly  dependent upom wea 

conditions and would require a suf f ic ien t  number of over f l  

values. Since tidal conditions a re  also signifgcant, data should also be obta 

during d i f fe ren t  t i d a l  stages. 

Fisheries 

The ever increasing r a t e  of world population growth has tu  

sea i n  search of a protein source. Vheehea: t R e  oceans w i l l  y i e l  
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to be seen. A t  present, world f i sher ies  produce abou; 57 million 

unprocessed fishery products (10% of the t o t a l  animal protein 

~ ~ d ~ ~ t ~ ~ ~ ~ ~  Estimates of potent ia l  annual ocean y ie lds  vary from 60 to  2000 

m ~ ~ l ~ o ~  metric tons. Whatever the r e a l  potent ia l  may be, i t  appears cer ta in  tha t  

proper management and technological advance can s ignif icant ly  increase the ocean 

yield. 

blems faced by the world fishing industry are  p o l i t i c a l  or socio- 

a ture  and l i e  outside the scope of t h i s  study. These problems a re ,  

y as complex and i n  need of resolution as the s c i e n t i f i c  

Most of the world catch of marine f ishes  comes from continental shelf  waters 

a t  depths less than 200 fathoms. Though shelf waters const i tute  only 8% of the 

rea they account €or approximately 90% of the marine f i sh  catch. Due to  

micing and nutr ient  run Q€T from larad areas, the shelf waters a re  several fold more 

productive than the open ocean. The only s ignif icant  high-seas l ishery (since the 

demise of whaling) is the fishery for tuna and tuna-like species. Though there 

a re ,  no doubt, numerous potent ia l ly  exploitable high-seas stocks of marine organ- 

ak fishery potent ia l  s t i l l  l i e s  i n  the continental shelf  waters. Un- 

tely; these waters a re  also most vulnerable to  degradation by human a c t i v i t y  

0% of the world shelf  area l i e s  i n  the northern hemisphere, the most 

ed portion of the earth. 

ery Research Needs.- the report  of the IDOE Committee ( 5 )  discusses the ideal-  

€ stages through which f i sher ies  s tudies  i n  a region aaag be considered 

re as follows: 1) an stage which consist  of finding 

e stocks; 2) the stage i n  which consti tuent 

ed and l i f e  h i s to r i e s  and stock assessments are worked out; 

stage where the parameters of the population response to the envir- 
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onment and t o  fishing pressure a re  determined; 4) the e stage where 

knowledge acquired i n  the prev.iot..s stages is used for management and y ie ld  pred%c- 

t ion of the resource. 

Few, i f  any, f i she r i e s  have ever developed i n  t h i s  idealized fashion. In 

pract ice ,  new f i sher ies  move from the exploratory stage to  an exploit ive stage. 

The descriptive and dynamic stages which provide the basic s c i e n t i f i c  information 

fo r  sound management and yield prediction a r e  postponed o r  ignored u n t i l  the 

fishery declines t o  the alarm point. After-the-fact studies designed to  provide 

basic information on a declining f ishery a l l  too often accomplish l i t t l e  more than 

t o  monitor the demise of the fishery. The ineffectiveness of uany marine f ishery 

mangement pract ices  i s  c lear ly  the r e su l t  of too l i t t l e  basic inZormation on t h  

exploited stocks. The numerous current attempts a t  aqEaculture a re  suffering f s 5 m  

these same information shortages. If sustainable increases i n  ocean yields  are to  

be accomplished, s tudies  through a l l  of the stages must be completed fo 

major f isher ies .  

The data needs of f i sher ies  a re  shared i n  Large par t  with those of the res 

of marine science. The Zollowing is a l i s t  of a r b i t r a r i l y  arranged, high p r io r i ty ,  

f ishery needs, which should be investigated simultaneously. Included a m  comments 

concerning what appears to  be the m o s t  feasible ,  and i n  some cases the only, appr 

to  these problems. 

1) Physical 3ceanographic Studies. Information on the t ides ,  current 

s a l i n i t y  and temperature dis t r ibut ions,  mixing: exchange r a t e s ,  bottom a 

etc .  a r e  great ly  needed. 

The need for synoptic data along with the high cost  and short sup 

search ships makes these types of studies  par t icu lar ly  a t t r ac t fve  for study by 

remote sensing devises. The optimum sampling in te rva l  var ies  with the ph 

under consideration as well a s  with the area being covered. In  some near shore 

areas, especial ly  bays and estuar ies .  the physical features of the envi 

highly varPabEe w dal ,  diurnal,  seasonal and annual f 



’ monitoring may be necessary. Eroad scale s tudies  of surface water 

tures  €or shelf  areas appear to  be parzicular ly  feasible.  Isotherm charts  

should be compiled at in te rva ls  no greater  than one month. The present research 

f l e e t  would be hard pressed to  provide ground t ru th  data €or any large scale  

program; however, f o r  biological purposes: r e l a t ive  temperatures are be t t e r  than 

no h€ormation a t  al l .  

Systematic Studies. There i s  need fo r  much “alpha level” study of the 

ident i f ica t ion  and d i f fe ren t ia t ion  of exploitable species and stocks and t h e i r  

forage organisms. Phny f i she r i e s  currently u t i l i z e  mixed and undifferentiated 

species. Sound management obviously cannot be carr ied out under these conditions. 

Systematic s tudies  require the col lect ion and close examination of specimens. 

3) Life History Studies. The l i f e  h i s t o r i e s  of most exploited species a re  

incompletely lcnox%m. We know l i ’c t le  about the migration, d i s t r ibu t ion ,  place of 

me of spawning, fecundity, growth r a t e ,  longevity, behaviour, food 

relationships,  l a rva l  and juvenile development and general ecological requfre- 

ments fo r  most commerically u t i l i zed  species, Our Imowledge of forage organisms 

re primitive.  

Many aspects of l i f e  h i s to iy  s tudies  requi re  the collection of specimens and 

d i n  s i t u  examinations, but there is some poss ib i l i t y  f o r  the appli-  

cation of remote sensing devices. 

organisms are par t icu lar ly  expensive and d i f f i c u l t  to at tack.  The conventional 

method of tagging and releasing specimens yields  bias  data due to the non-random 

dis t r ibu t ion  of fishing vessels ,  and addi t tonal ly  provides no i3fornation on 

f.!ovements and migratory pat terns  of marine 

ement between release and recapture. Previous attempts a t  remote tracking of 

rgarnlsms have had only l imited success, however i n  l i g h t  of a l t e rna te  

e tracking shows promise. 

sing devices (TV, photography, e tc . )  are frequently used i n  s tudies  



of animal behaviour as they allow the observer to  remain outside the experi 

framework. These devices o f f e r  many addi t ional  poss ib i l i t i e s  for  both lab 

and f i e l d  s tudies  of behaviour. 

4) PopulatFon Dynamics. The fac t  tha t  the s ize  and l i m i t s  of most f ishery 

stocks a r e  a t  best  poorly known is indicat ive of the work required i n  t h i s  are 

Studies of  recruitment, year c lass  success, mortali ty,  energy flow through the 

food web, predation rates, e f f ec t s  of fishing pressure, etc.are needed. Piost of 

these s tudies  require d i r ec t  sampling of the population and experimental o r  

s t a t i s t i c a l  treatment. Additionally there is need for  refinement, startdardizatfsn 

and increase coverage of the catch data, especially i n  the area of sportffsh 

hawes t s . 
5) Effects  of Environmental Alternation. Pollution s tudies  a re  discussed i n  

d e t a i l  i n  a separate section of t h i s  report ,  however the importance of such 

s tudies  t o  coastal-zone f i sher ies  is such tha t  i t  merits reemphasis. The acute 

l e tha l  tox ic i ty  to  marine organism of only a few agr icu l tura l  and industrial. 

pol lutants  a r e  known. We have v i r tua l ly  no knowledge 02 the chronic e f f ec t s  of 

sublethal dosages or the synergistic e f fec t s  of the m i l i e u  of pollutants  which 

pour daily in to  our coastal  waters. 

Estuaries and coastal  marshlands a r e  of par t icular  concern. These highly 

ductive areas  a re  the primary habi ta t  of numerous commercial species, serve as 

the nursery area for the juvenile and young stages o€ many others and are u t i l i zed  

by anadromus species which spawn up r ivers .  The National Estuary Study Repart 

(17) indicates  tha t  nearly one-quarter of our es tuar ies  have been severely 

fied.  In addition t o  being bombarded with pollutants,  these areas are being 

drained, f i l l e d ,  and bulkheaded a t  an alarming ra te .  Detailed study and continued 

monitoring of these areas  i s  of v i t a l  i m p  

6) Exploratory Studies. There i s  need for  exploratory fishing 
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tudies to  reveal unuti  %zed o r  undewti l ized stocks. It would be most efficient 

t8 concentrate i n  areas  found by some broader survey t o  be the most: productive 

otentbal ly  exploitable portion of the world coastal  zone. such broad surveys 

might be carr ied out by remote sensing of chlorophyll content from an a i r c r a f t  

or s a t e l l i t e .  The ground t ru th  would be tha t  provided by the exploratory f ishing 

vessels as a sequential par t  02 the survey. 

It.Zany problems facing the fishing industry a re  those whose solution would lead 

to  short-te-rm gains, but not s igni fkant ly  increase the sustainable yield,  tin- 

l e s s  accompanied by the aforementioned basic research and consequenl: sound =- 
agement. These s tudies  mostly include ways to  increase the catch per un i t  effort 

(e.g., location of f i sh  concentrations by remote sensing; development of more 

d select ive fishing gear, e t c . ) .  If we are to e f f i c i en t ly  harvest 

the oceans we must solve these technical problems; however, i t  is apparent tha t  

even with our primitFve f ishlng techniques we are presently capable of over- 

fishing many stocks, some to  the point of extinction. 

Regional Potent ia l  - In addition to estuaries and coastal  marshes, the following 

regions and species have been singled out by the Narine Resources Panel of the 

r i m  Science, Engineering and Resources (2) as offer ing the great- 

s - Arabian Sea, waters off California, Chile, Argentina, 

V ~ ~ @ z u ~ l a ~  Northern Brazil ,  West Africa, Gulf of Alaska, Gulf of Nexico. 

- Uaters or"f Chile, Peru, Xexico, Argentina, %.Test Africa. 

I____ C'Bams - 
Flounders - Northeast Pacif ic ,  Patagonfan Shelf, New Zealand waters. 

Worldwide coastal  regions. 

za. Report (4) l ists  the following world coastal areas to be of'msjor 

significance and in need of additional s ~ u d y .  



2 

The Arabian Sea Caribbean and Gulf of Mexico 
The Gulf of Alaska Indonesian and New Zealand she 
The Antarctic Sea Northwest African Shelf 
The Argentine and .Chilean shelves and Gulf of Guinea 

Application o f  SRTS t o  Fishery Development - The solution to most f ishery problems 

appears to l i e  mre toward a greater  commitment of manpower and money i n  conven- 

t iona l  approaches than i n  the development of sophisticated tools.  The primary 

application to  f i she r i e s  of the proposed ERTS A,  B and E,  F. systems appears t o  be 

i n  the area of physical oceanographic s tudies  with an additional poss ib i l i t y  i n  

identifying poten t ia l ly  productive coastal  areas t o  be fur ther  explored by conven- 

t iona l  methods. 



22 

Chemical oceanography has been defined as the application of chemical tech- 

niques, 'Laws and pr inciples  t o  the sc i en t i f i c  study 02 the oceans (25). It at- 

tempts t o  provide an accurate description of the chemical nature of seawater as 

well as an understanding of the processes tha t  produce and a l t e r  the dis t r ibut ion 

of a l l  chemicals within the sea. It a l so  s t r ives  to  elucidate the e f f ec t  of  these 

chemicals upon the biological,  geological and physical processes occurring i n  the 

ocean. 

Therefore, the na-jority of a chemical oceznographer's e f f o r t  has been and 

w i l l  continue to  be i n  the area of analyt ical  chemistry with most of the data ob- 

tained used i n  support 05 other s c i en t i f i c  discipl ines ,  such a s  biology, geology 

and physics, that  are concerned with the study of the oceans. To f u l f i l l  h i s  

n, the chemical oceanographer must determine o r  develop techniques for 

determining many of the cheuical constituents of seawater as well a s  i n  re la ted 

oedfments, sea spray and a i r .  The complex nature of coastal  waters re la t ive  t o  

open ocean waters complicates the problems of the analyst. 

of the chemical consti tuents i n  the coastal. waters i s  of a mch greater  range than 

Concentration levels  

i n  the open ocean and changes within these levels  occur over much shorter  distances 

and tLme span. 

needed i f  the chemistry of coastal  waters i s  t o  be understood. 

Obviously, many neasurements within limited time and space a re  

Measurements Zequired 

g the more important measurements required a re  the following: 

Pnity - Sal in i ty  is defined i n  terms of the t o t a l  dissolved salts in  seawater 

and is expressed i n  pa r t s  per thousand. It var ies  i n  different  ocean areas with 

cPxfm4tely . 90% of seawater f a l l i ng  between 34 and 36 parts per thousand. 

owever, i n  estuarine and coastal waters, s a l i n i t y  may vary fromnear zero i n  

reas of excessive continental runoff t o  as high as several hundred pa r t s  per 
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thousand i n  res t r ic ted ,  

Salinity is one of 

subtropical embayment 

the most important measureable parameters i n  oceanography 

where evaporation rates are high, 

since it, along with temperature and pressure, influences the basic physical 

propert ies  of seawater. One of the more important of these properties is  density 

which serves as one of the main driving forces i n  es tabl ishing ocean currents. 

In  addition, the physical oceanographer uses  s a l i n i t y  and temperature t o  charac- 

ter ize  and ident i fy  d i f fe ren t  water bodies. Obviously, s a l i n i t y  measurements a re  

necessary if the dynamic mixing processes 

coastal oceanography are  to be determined. Furthermore, s a l i n i t y  d is t r ibu t ion  

both spa t i a l  and temporal may have profound e f f ec t s  upon the a c t i v i t y  and d i s t r i -  

bution of marine organisms. 

have resul ted i n  catastrophic loss of marine liEe. The influence of s a l i n i t y  upon 

the flocculation of suspended material  as i t  moves fron Eresh water i n to  a sea- 

water environment is  discussed i n  the section on geological oceanography. 

which play such an important role i n  

Indeed, sudden s a l i n i t y  changes i n  estuarine waters 

Temperature - Although not a chemical parameter, temperature i s  extremely 

important i n  understanding the chemistry of coastal  water. Not only does i t ,  along 

with sa l in i ty ,  determine density of the water and therefore currents and mixing, 

but i t  is also important i n  controll ing the so lub i l i t i e s  and reaction r a t e s  of 

various chemicals. In addition, temperature has a di rec t  influence upon toxic i ty  

of cer tain chemicals; a r i s e  of 10% may halve the survival time of some marine 

organisms. Temperature changes i n  the ocean usually r e su l t  from na tura l  climatic 

phenomena; however, thermal pollution Zrom indus t r ia l  si tes tpay be cr i t ical  i n  

coastal  waters. 

Nutrients - Phosphorous, nitrogen and s i l icon  represdnt insrganfc elements 

tha t  are essent ia l  t o  the l i f e  processes withrn the ocean, especially phytoplankton 

productivity. The f e r t i l i t y  of any given body of seawater will depend upon the 

amount of these nutr ient  elements present. In extremely Low concentrations, the 
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elements can be l imiting t o  biological productivity; however, i n  large quant i t ies ,  

they can Bead to excessive plant  growth which upon decay causes depletion of dis-  - 
olved oxygen and subsequent loss  of animal l i f e .  Such excessive nut r ien t  pollu- 

t b n  may occur i n  coastal  regions from aqueow runoE 02 f e r t i l i z e d  lands as 

fe’h?lJ. as indus t r ia l  and municipal waste discharges. Therefore, monitoring of 

nu t r ien t  leve ls  w i l l  be required i n  estuarine and coastal  waters to  es tab l i sh  

1) f e r t i l i t y  of the water and 2) presence of excessive waste nutr ients .  These 

elements a r e  usually determined i n  t h e i r  anion form, i . e . ,  as phosphate, n i t r a t e  

il silicate. Nutrient nitrogen may a l so  occur to  a lesser degree as n i t r i t e  and 

utmnfa and these forms should a l so  be determined. 

Hydrogen Ion Concentration (pH).-  The pH value of seawater is  mainly deter- 

mined by the carbon dioxide content. As a r e s u l t ,  i t  can be affected by any pro- 

cesses involving s a l i n i t y  and temperature changes, photosynthesis and respirat ion,  

deposition of carbonate ions and gaseous exchange with the atmosphere. Measure- 

ment of pH is use3ul i n  studying these processes as w e l l  as others i n  which the 

reactions are ~ € 1  dependent. The pH observed i s  usually between 7.8 and 8.3 i n  

surface waters, but in estuaries, values as high as 9.0 have been observed during 

of high photosynthesis (25). Furthermore , when increased biological 

act5vi ty  r e s u l t s  i n  carbon dioxide l i b r r a t ion ,  pH values as low as 7.5 may be 

und. Also near the &ore, pH may drop sharply due to introduction of f resh water 

ms carrying large quant i t ies  of decaying vegetation and orgallic matter de- 

rived from land. pI.1 measurements may be useful i n  detecting organic waste and 

astaf waters. 

Oxidation-Reduction Potent ia l  (Eh) - Oxidation poten t ia l  i n  the ocean is 

determined by the oxygen ha l f - ce l l  reaction. As a r e s u l t ,  organic matter has a 

grea t  e f f ec t  upon the Eh of seawater. A t  the sea surface, Eh is usually +300 

IivoZts or more. However, t h i s  decreases with depth and a t  or below the sedi- 
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ment surface values as low as -300 mi l l ivo l t s  may be found due to  oxygen consump- 

t ion  by decayhg organic matter. Obviously, Eh measurements are useful i n  tracing 

the e f f ec t s  of organic polliltants i n  seawater. Because the ionic  states of many 

metals depend upon Eh, measurements a re  a l so  needed i n  studying geochemical pro- 

cesses i n  the marine environment. Eh and p11 a re  of ten in te r re la ted  i n  t h e i r  

a f f ec t s  upon chemical processes and t h e i r  measurements used i n  conjunction with 

each other. 

Dissolved Gases - Although dissolved gases const i tute  only about 0.25% by 

weight of seawater, several  a r e  of prime importance to  oceanographic studies.  

The two most important are oxygen and carbon dioxide. Both gases par t ic ipa te  i n  

the basic biological processes of photosynthesis and respirat ion and t h e i r  

measurements are essent ia l  t o  most biological and pollution studies.  Dissolved 

oxygen measurements a re  used t o  es tabl ish rhe qual i ty  02 marine waters and t h e i r  

s u i t a b i l i t y  f o r  sustaining marine l i f e ,  

In addition, carbon dioxide i s  involved i n  the carbonic acid system which 

serves to buffer the oceans' pH. I4easurements of C02 a re  needed for studies  of 

this complex dynamic system which involves a i r ,  sea and sediments. 

Additional trace gases, such as CO, 03, CH4, S02, N02, and HzS, may have 

importance from a pollution aspect but more s tudies  a re  needed to  es tab l i sh  this. 

Radioactive Isotopes - Public concern, coupled with extensive research, has 

successfully prevented harmful pollution from radioactive substances produced by 

nuclear devices and reactors.  However, i n  coastal  waters, some monitoring fo r  

radioact ivi ty  must be carr ied out i n  areas where accidental  release could occur. 

I f  the ant ic ipated large increase i n  nuclear power reactors over the next few 

decades takes place,  addi t ional  monitorhg and s tudies  w i l l  be required. 

Dissolved Organic Compounds - Our Icnssfedge of the kinds, d i s t r ibu t ion  an 

significance of organic compounds i n  seawater is currently undergoing rrrpid 

change. The amount of total organic carbon f n  seawater var ies  from 0.1-5 m B / l  



with highest va ues occurring i n  coastal  waters, especially those with high 

~ y ~ ~ p ~ ~ ~ ~ ~ ~ ~  productivity. Individual types of organic compounds natura l ly  occur- 

r ing %n seawater number in to  the thousands and serve almost as  many functions. 

They m y  serve as a food for many organisms, as growth stimulants (vitamins and 

hormones) for others  and, i n  some cases, a s  growth inh ib i tors  (toxins, an t ib io t i c s  

e t c . ) ,  

o r  increasing toxic  t y  of the metals t o  organisms (27). Others can re ta rd  o r  

enhance flocculation of clays and other  suspended material  i n  the water. 

Some are capable of chelating heavy metals i n  seawaterthereby reducing 

To fu l ly  understand the chemistry and ro l e  of naturally-occuring organic 

compounds, we w i l l  need t o  know not only values for  t o t a l  organic carbon but a l so  

those for  the individual compounds. This need a l so  e x i s t s  i n  the case of man-made 

organic compounds which are polluting our coastal  waters i n  ever increasing 

~ n t s .  Degradation of these compounds of ten leads to  oxygen depletion with 

ting l o s s  of marine l i f e .  Pollution s tudies  are  requiring increased use of 

organic carbon measurements as indicators  of the chemical oxygen demand 

g made upon a given body of water. 

Pesticides - Pesticides may contaminate estuarine,  bay and coastal  waters 

f a e r i a l  spraying, runoff from treated areas, waste discharge by 

pest ic ide producers, misusez and other  means. getermining the precise amounts 

s d i f f i c u l t  since pest ic ides  are retained i n  water i n  many d i f fe ren t  

states. They may be found i n  soluble form, attached t o  suspended material, in- 

rporated into organisms and complexed with other organics. Available data does 

indicate they occur i n  the pa r t s  per b i l l i o n  (ppb) o r  less range (28). Unfortu- 

atefyp t h i s  is approximately the leve l  a t  which they may become toxic  t o  many 

marime organisms. Consequently, frequent monitoring of the pesticide content of 



Heavy Metals - Knowledge o the Concentrations of heavy metals disso 

seawater is  essent ia l  i n  establishing water qual i ty  fo r  biological use. In low 

concentrations, a few ppb more o r  less, these elements a c t  a s  essent ia l  micro- 

nu t r ien ts  but i n  s l igh t ly  higher concentrations they may be toxic to  marine l i f e ,  

In  addition, they enter in to  complex geochemical processes tha t  involve t h e i r  

solution, transportation and deposition within various pa r t s  of the hydraulic 

regime. 

Heavy metal inputs in to  coastal  and estuarine waters usually occur from no 

erosion and runoff and from mine, indus t r ia l  and municipal waste discharges. 

Suspended Solids - The s ize ,  chemical composi.tion and d is t r ibu t ion  of suspended 

so l ids  is  needed. These materials MY a c t  a s  scavengers, transporters and sources 

of many chemicals. Clays a re  Icnotm t o  absorb pesticides,  hydrocarbons and other  

organics, as well a s  radioisotopes and heavy metals, and t o  transport rhem from 

one area of the environment t o  another before the i r  release. Suspended sol ids  

also serve as mineral sources for  nearshore wcdiments and t h e i r  geochemical study 

is of importance to the geologist. 

Organic Films and Sl icks  - Many organics a re  known t o  be only s l i gh t ly  water 

soluble and, as a r e su l t ,  form surface films o r  Among these a re  f l sh  

oils and hydrocarbons. It: has been suggested that: these may be sensed 

remotely and used to  detect  f i s h  schools and oil s p i l l s ,  respectively (29). 1 

addition, natural ly  occurring hydrocarbon " s e e p ~ ~ ~ ~  as films or  vapors, might be 

used t o  detect  sources of o i l  o r  gas. OrganZcs a re  81s known to  form as s 

ltwindrowslP along the l i ne  of convergence of in te rna l  waves. Possibly, derec 

of the s l i cks  could be used t o  study these underwater waves. 

Although not  necessarily a f i l m  constituent, chlorophyl pigments dlsso 

surface and near surface waters have a l so  been suggested f 

6a t o  be used as an indicator  of plant: productivity i n  the ocean. These observa- 

t ions may be of potent ia l  value i n  open ocea studies,  but the CQ 



cs  of coastal  waters would appear to  r e s t r i c t  t he i r  use there, I f ,  however, 

they couPd be used for  the open ocean, then t h e i r  application to  coastal  oceano- 

should be investigated. 

Summary - The major chemical parameters whose ueasurements a re  required i n  

ceanographic s tudies  a r e  present i n  Table 1. It should be noted tha t  the 

range of expected values presented here a re  those that  might be encountered i n  

estuarine and coastal  waters ra ther  than those often reported for  open ocean 

waters. Rs attempt has been made t o  present spa t i a l  and temporal resolution re- 

qrafrements a t  t h i s  t i m e ,  since they involve too many unknown variables such as 

nature and source of the chemicals, dynamic mixing processes, e tc .  Time require- 

ments m y  vary from continuous to  one month, distance from zero to  0.5 miles, and 

om zero to  500 f t .  with in te rva l  between depths of 10 - 50 f t .  

Analytical Methods 

In  mst cases, chemical measurements of seawater reqxire col lect ion of water 

les and t h e i r  subsequent analysis i n  shipboard o r  land-based laboratories.  The 

specif ic  analytical- technique employed w i l l  depend upon the constituent being 

detemined a s  well as the use for which the data i s  to  be employed (30, 31). 

Generally, inorganic species w i l l  be subjected to  conventional chemical analyses 

such a s  t i t r a t  on and colorimetry. 'Foranalysis of organic compounds more sophis t i -  

cated techniques a re  required; i . e . ,  gas chromatography and infrared, mass, 

d SIR spectrometry (32). 

~ o n ~ i n u o u s  Sensing Devices - Although the above methods have provided us with 

ch of OUT knowledge of ocean chemistry, they do not provide suf f ic ien t  sampling 

ta points for studying environments as complex and East changing as estuar ies ,  

bays and coastal  waters. Net? techniques a re  required t o  permit rapid, continuous 

in s i t u  analyses of the most important chemical consti tuents within the marine 
__I .~ 

ironraent (3, 28). Where such techniques have been available,  closer observations 
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Table 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

a. 

9.  

10 

11 * 

12. 

13. 

14 

1. Chemical/Physical Measurements Required in Coastal Oceanographic Studies 

Parameters 

Sal ini ty  f O.OIP/~O for de 
calc. f 10/00 for 
ocher uses 

?: 1°C Temperature 0-25OC 

I ml/l 
2 0.05 ml/l 
$ 1 ml/l 
unknown 

unlcnown 
unicnown 

unknown 
uuknown 

unknown 

0-10 ml/l 
0-0.3 ml/l 
0-20 ml/l 
trace 

trace 
t xa ce 

trace 
trace 

trace 

2 0. I. p~ uni t  PH 6.7-9.0 

?: 0.01 vol t s  Eh -0.30 to +0.45 
volts 

Nut r ten t s 
n i t r a t e  
n i t r a t e  
ammonia 
phosphate 
s i l i c a t e  

1-600 u g / l  
0-51) ug/l 
0-75 ug/l 
1-60 ug/l 

20-4000 ug/l  

f 1 ug/l  
-I- 1 ug/l  e l ug/ l  
2 1 ug/l * 'Lo ug/P 

Heavy metals, 
Pb, Hg, Cu, etc. ppb level. 

0.1-5 mg/l Total Dissolved Carbon 

Pesticides ppb level 

Radioactivity picocuriejl  

0.05-40 Ug/l Chlorophyll 

Hydrocarbons 

Fish oi l s  

Other organic compounds 
~ Q Q  numerous t o  mention 

occur a t  ppb 
level  or less 

unknown 



in both t i m e  and space have revealed de ta i l s  i n  chemical d i s t r ibu t ion  not previous- 

l y  lcnmn or even suspected (25). 

A t  present, devices a re  f a i r l y  well established for continuous, i n  s i t u  

sensing of  s a l in i ty ,  temperature and radioactivity.  These devices may be lowered -:. 

from sMps o r  attached t o  buoys, can be used i n  waters of any s a l i n i t y  and a t  any 

nd may be l e f t  unattended for some length of t i m e .  

Selected physico-chemical parameters such a s  Eh azld pH can a l so  be measured 

continuously i n  surface waters using electro-chemical probes. Specific element 

o r  ion probes a re  a l so  available for  oxygen, a l k a l i ,  a lkal ine ear th  and some t race  

of heavy metals a s  well as  €or a number of anions, par t icular ly  the halides.  

However, surfaces tend t o  Zoul over a period of time and none, with the exception 

of oxygen probes, work well i n  water of  varying s a l i n i t y  o r  a t  depth. Maintenance 

of cal ibrat ion of these probes is a lso  a problem. 

Remote Sensing - The only properties i n  Table 1 that  appear capable of being 

remotely sensed and measured a re  surface s a l i n i t y  and temperature, near surface 

chlorophyl and radioact ivi ty ,  and surface films such a s  petroleum and f i s h  o i l s .  

11 other parameters w i l l  probably have to  be measured by -- i n  s i t u  sensors or have 

samples brought back t o  a laboratory for  analysis.  

Future Needs and P r i o r i t i e s  

It is  now apparent that  the highest p r io r i ty  for  chemical s tudies  within coast- 

zone waters must be given the problem of water pollution. Future requirements and 

t h i s  f i e l d  can best  be presented by consideration of the report 

By a subcommittee appointed by the American Chemical Society to  evaluate the 

improvement: of our environment (25). Among the recommendations of t h i s  

1. "More emphasis should be placed on investigations of the transport  
and long-term deposition of pol lutants  i n  the oceans... e The 

i n i t i a l  requirement i s  improved ana ly t ica l  methods for identifying 
and measuring spec i f ic  chemical compounds". 
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2,'"Emphasis should be placed on the development of ana ly t ica l  
methods €or spec i f ic  organic pol lutants  a t  a l l  concenrrations 

es tuar ies  and the oceans". 
in  all waste sources and receiving waters, including 

3. "Analytical methods f o r  gathering basic data,  monitoring, 
research, and treatment control should be act ively and con- 
tinuously upgraded.. . 

4. "Comprehensive investigations of natural ly  occurring and pol- 
lu tan t  pa r t i c l e s  i n  water should be undertaken t o  determine 
such charac te r i s t ics  as s ize ,  charge, composition and ab- 
sorptive properties.  Expanded knowledge of pa r t i c l e s  would be 
important i n  s tudies  of sedimentation, erosion, as well  as 
i n  work on transport:'. 

5 .  '#Research on improved mathenlatical descriptions of natural  
water systems subject t o  pollution should be strongly supported. 
The chemical-biological complexity of those systems requires 
t h a t  such research be highly interdiscipl inary,  involving 
s c i e n t i s t s  from discipl ines  such as chemistry, chemical engineer- 
ing, c i v i l  engineering, biology, and ecologytg. 

Second highest p r i o r i t y  should be assigned to  those chemical s tudies  re la ted  

to establishing the f e r t i l i t y  of coastal  waters and t h e i r  s u i t a b i l i t y  fo r  f i she r i e s  

use. Both p r i o r i t i e s  require acquis i t ion of t h e .  measurements l i s t e d  i n  Table 1. 



G P a L  PROCESSES PROBLEMS 

The geological problems i n  coastal  zones are  unique and important f o r  a 

number of reasons, The coastal  zone areas a re  where a majority of men l ive ,  work, 

and play. Transporatation, food supplies, mineral resources, and recreational 

sppsrtunitf-es ate  some o f  the a t t r ac t ions  of the edge of the sea for  man. The 

roblems of the coastal  zones a re  re la ted to interact ions between land, 

sea, and afr. Only in  the coastal  zones a re  energy t ransfers  between land, sea, 

and air so rapid, so vigorous, and so immediately effect ive on man. 

In the coastal  zones the r a t e s  of many geological processes a re  more rapid 

than i n  most other areas. The subsidence o r  u p l i f t  of the land resul t ing from 

c movements and changes i n  sea level  with changes i n  climate a re  most evi- 

dent i n  the coastal  areas. Shore l ines  are  continually changing as a r e su l t  of 

erosion by waves and t ides ,  and by deposition of transported sediments. Plan needs 

to measure, inventory, and monitor the geological processes and changes i n  the 

coastal  zones. By so doing he may be t t e r  understand the processes and thus improve 

d prolong the use of a l l  the resources of the coastal  zones t o  h i s  benefit ,  

Harbor Shoaling and Wsste Disposal 

The study of the erosion, transportation, and deposition of marine sediments 

is amenable t o  a twofold division, in to  the analysis of bed-load sediments, and 

t h e  analysis of suspended-load sediments. Bed-load sediment consists of pa r t i c l e s  

whose terminal velocity i n  moving water i s  greater than the ve r t i ca l  veloci ty  

ent of turbulent: flow. In most hydraulic s i tuat ions,  bed-load materials f a l l  

to the s ize  categories designated as gravel (par t ic le  with diameters greater than 

and sand (2- ,062 me). Except i n  such anomalous, high energy zones as the 

P tide-swept sand shoals, where sand is  thrown in to  suspension, most 

marhe suspended sediments a re  i n  the categories designed as si l t  (62-3 microns) 

ay (3 mjfcrons t o  col loidal  s ize) .  
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These size-determined categories of marine sediment d i f f e r  i n  composition 

as well as i n  grain s ize .  Sand and silt consist  primarily of the r e l a t ive ly  i n e r t  

mineral quartz (SiO2). Clay cons€sts mostly of complex aluminosilicate minerals 

referred to  as clay minerals. These f ine,  p la ty  mineral pa r t i c l e s  tend to  have 

higher surface charges than quartz, and t h e i r  behaviour 1s determined by eietri- 

ca l  forces, a s  well as by i n e r t i a l  and hydraulic forces. In f ac t ,  they generally 

appear i n  the marine environment a s  low density, mult ipar t ic le  f locs .  In addition 

t o  i n t e r s t i t i a l  water, these f locs  carry absorbed water, base-metal cations,  and 

organic compounds. Recent experiments suggest tha t  while clay minerals form 

under natural  conditions i n  coastal  waters are  strongly effected by biological 

ac t iv i ty .  Indeed, nost f locs  i n  coastal  waters may be .formed primarily as fecal  

p e l l e t s  by such animals as  oy t e r s ,  whelks, clams, o r  f i sh ;  o r  may have been 

pel le t ized i n  par t  by the agglutinizing action of a l g a l  or  bac ter ia l  slime. 

The Coastal Zone dj-scussed i n  th i s  report falls  in to  two geographic pro- 

vinces. The intracoastal  zone consists of estuar ies  and lagoons. Genetically, 

es tuar ies  are drowned r ive r  mouths. Geometrically, they a re  in t racoas ta l  water 

bodies whose long ax i s  i s  110rm31 t o  the main coastl ine.  An example i s  Chesapeake 

Bay. Genetically, lagoons are intracoastal  water bodies  cut o f f  from the open sea 

by the growth of s p i t s  and ba r r i e r  is lands of sand. Their long axes a re  generally 

pa ra l l e l  to  the coast,  as for  instance Pamlico Sound. The second provfnce of the 

Coastal zone is  the open water of the continental she l f ,  extending from the oce 

beach out  t o  the shelf  edge, generally a t  about 420 meters depth. Suspended sedi- 

ments form a signif icant  par t  of the sediment transport  system i n  both these 

provinces, and the environmental engineer faces problems i n  both sectors  relatdng 

to suspended sediment transport .  

Suspended sediment: c i rculat ion i n  intracoastal  water bodies - Intracoast  



water bodies such as es tuar ies ,  lagoons and harbors are generally floored by mud 

(watery slilt and clay) and t h e i r  waters are q u i t e  turbid,  with values ranging 

from 60 mg/l of suspended sol ids  to  1 g / l i t e +  under cer ta in  circumstances. 

7312s I s  not simply the consequence of r ive r s  pouring t h e i r  muddy waters 

in to  such baslns as or ig ina l ly  supposed; t u rb id i t i e s  generally show l i t t l e  rela- 

tionskip to  the volume of freshwater input. Instead the physical s t ructure  and 

circulat ion pat terns  of those water bodies renders them e f f i c i en t  fine-sediment 

a r t i c l e s  observed to  be suspended i n  the water are mainly scoured from 

the bottom during the t i d a l  cycle, and many of them return to the bottom during 

slack water. The amount of sediment permanently gained from r ive r s  o r  l o s t  t o  the 

sea is only a very s m a l l  pa r t  of sediment movement during each t i d a l  cycle. 

The most s ignif icant  hydraulic mechanism trapping sediment i n  es tuar ies  i s  

t h e i r  density-driven circulation. The l i g h t  r i ve r  water runs out t o  sea over a 

wedge of denser sea water. As it does so, i t  entrains  salt water, and gradually 

a t t a i n s  normal marine sa l in i ty .  More seawater flows landward to replace the salt- 

t e r  thus consumed. Suspended sediment pa r t i c l e s  which s e t t l e  through the fresh 

eff luent  i n t o  the salt inf lux are returned by t h i s  inf lux to  the fresh water, t o  

cycle again. Thus most es tuar ies  have i n  the i r  th roa ts  a turb id i ty  maximum, more 

an e i the r  the lower estuary o r  the entering r iver .  Supplementary mecharatsms 

such as scouring lag,  s e t t l i n g  lag, and the time-velocity asymmetry of the t i d a l  

wave cause a secondary turb id i ty  maximum t o  occur i n  the waters bordering the 

rshes and mud f l a t s  of the es tuar ies  margin. 

roblems d i r ec t ly  re la t ing  t o  suspended sediment transport  i n  in t racoas ta l  

waters are twofold; roblems re la t ing  t o  shoaling, and problems concerning trace 

elements nut ents and pol lutants  carr ied by the suspended sediment. 

d group of problems w i l l  be considered elsewhere, under the heading 

oceanography. However, resolution of these problems l i k e  those of 

large extent depend on knowledge of the suspended sediment 
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budget, a concept tha t  w i l l  be discussed below, 

In order t o  consider shoaling problems i n  es tuar ies ,  i t  is necessary to  

consider the evolution of the world's coasts during the past  15,000 years. IZur 

t h i s  period, since the last great  ice  advance of the Pleistocene ice age, sea 

level  has risen i n  response t o  the melting of the ice sheets and p 

a resu l t ,  most of the mouths of the world's r i ve r s  a r e  drowned and have the fo 

of estuar ies ;  only a few have suf f ic ien t ly  high output of r ive r  s 

out as del tas .  But because es tuar ies  a re  such e f f i c i en t  sediment traps they are 

ephemeral features which can only last: a few thousand years more before f i ~ l i ~ g  

up, and closing down t o  narrow channels (33). 

Shoaling problems i n  these intracoastal  water bodies are keyed to  the two 

major zones of deposition; the marginal zones of mud f l a t s  and s a l t  marshes, 

(inangrove fores t s  i n  low l a t i tudes) ,  and the central  zone of submarine mud S ~ 0 ~ ~ 5  

which have grown up beneath the tubidi ty  maximum i n  the zone of sa l in i ty - s t r a t i -  

fied water, o r  ?'salt wedge. . The *'wetlands' o r  salt marshes and mangr 

aregenerated as the i n t e r t i d a l  margins of estuar ies  build upward and outward t o  

the level  of mean low t ide.  These areas are i n i t i a l l y  valuable because It 

as nurseries for  the la rva l  stages of many commerically valuable species 

and she l l f i sh .  By diking or by natural  processes they will ultimate 

permanently dry land, capable of sustaining agricu ture and other  human ac 

The present: widespread concern with natural  resources will. necessi ta te  m e  

concern with, and monitoring of, the growth and ma%ntenance of wetland, 

Shoalsng 5n the cent ra l  estuary i s  a p ~ i m r y  concern of 

A l l  of the por t s  on both s ides  of the North Atlant ic  a re  on 

estuar ies  which must, i n  future millenia,  close down to  small 

approaches to  these ports  must be consta dredged, at cons 

The case of the por t s  of the Atlantic se led of rhe United 
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s the estuaries (Chesapeake Bay, Delaware Bay, 

ston Harbor, Penobscot Bay) have barely begun 

r, the r ive r s  carry a higher sediment load 

emd, s u ~ t r o p ~ c a ~  hinterland, and the es tuar ies  of t h i s  

ses already closed down t o  tide-maintained channels, i n  

P prism (34). A r t i f i c i a l  deepening of these channels 

ilibrium, of ten  with disasterous resu l t s .  The penetra- 

e deepened channels has i n  some cases sh i f ted  the 

f t  the locus of most intense shoaling so tha t  former- 

e i r  r a t e s  of shoaling increased by an order of 

sport on the open shelE - Mineral pa r t i c l e s  do not 

en shelf waters. On most open shelves, sur€acs t u r b i d i t i e s  

ligrams per  l i t e r ,  and ign i t ion  losses indtcates  

t e r i a l  fs mainly of an organic origin. However, t u rb id i t i e s  and mineral 

fy higher near the beach and near the bottom, especially during 

t from such major de l tas  as the Miss i s s ipp i  and the 

e s ~ s ~ @ n d e d  sediment input is very high, mud f l a t s  form beneath 

d i t y  maxima on the open coast. On most coasts with lower suspended 

~~~~ a weak nearshore tubidi ty  maximum is st i l l  present, perhaps, 

~ ~ i t y ~ ~ r i ~ e n  circulat ion,  with landward flowing bottom water 

ably a l so  because new f ine sediment i s  being re- 

erosion, On some low energy shelves with high 

rthwest Gulf of Wxicc8 shelf ,  a blanket 

tefy much of the suspended sediment 

ep ocean floor. 



Problems concerning fine 

relate t o  1) pollutants and nutr ients  carried b 

of intracoastal  f ine sediment transport, 

waste tha t ,  introduced in to  the shelf ,  w mlate as do 

Pollutants and nutr ients  carried by suspended sedjlment will be d i ~ c ~ s s @  

problem of chemical oceanography. Some examples 0% fine waste d ~ s ~ o s a l  

enter  the internal  dispersal system are 1) the 

that  is presently transported i n  barges to  the 

a bottom sludge some centimeters thick over square kilometers of the 

and 2) a proposed conduit t o  transport copper m5.e t a i l i ngs  as a slurry from 

mainland Puerto Rico t o  the edge of the island shelf, and 3) a ~ r o ~ o s a ~  to bu 

8 new water-level Panama Canal by 

contaminated f ine  waste over co 

Sampling plans - In order to be able to solve 

sediment transport i n  the coastal zone, i t  is necessary to dete 

sediment budget. The suspended se 

as a series of reservoirs (for i n  

exchanges sediment with 2) the ov 

(for instance, the sediment exchange between 

tween 2 and the open sea). The ~ ~ c @ ~ ~ ~ ~ t ~ ~ ~  

voir must be known, and the net 

established. This i s  8 far more 

sedlment c o ~ c @ n t r ~ t i ~ n  is highly 

conbist of I) seasonal, and long 

and .in the a b i l i t y  of waves to r 

diurnal, diurnal, s e r n ~ ~ n t ~ l y ,  

currents, and 3) randoms 
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ent ly  tubulent nature oE t i d a l  and wave generated flow. In  order 

va r i ab i l i t y  i_n suspended sediment transport ,  i t  is  necessary 

to ~ ~ t ~ ~ ~ t ~ y  

years (t 

an adequate t i m e  s e r i e s  of data, usually over a period of 

r i a b f l i t y  is a consequence of the systematic large scale s t ructure  

e r  masses, and a l so  to small- to large-scale random variat ions due 

Space va r i ab i l i t y  in  suspended sediment transport i s  resolved by 

e numbers of synoptic (synchronous) samples. An illuminating dis- 

problems of measuring suspended sediment discharge i n  t i d a l  water- 

resented by Wicker (37). He has calculated tha t  i n  order t o  obtain 

meafatngful values for  the mean flow of suspended sediment through a single cross 

section of a t i d a l  waterway, it would be necessary to  make between 12,000 and 

point determfnations of suspended sediment concentration through the water - 
column over a period of a year, depending on the methods used. Fken i t  is  real ized 

tha t  many such crtoss sections must be monitored i n  order t o  determine the sediment 

budget of a given region, the d i f f i c u l t i e s  associated with t h i s  so r t  of study 

become apparent. In  pract ice ,  many simplifying assumptions a re  made and a rigorous 

r 

is not u t i l i zed .  The standard technique divides the study area 

cross sections of perhaps f i f teen  s ta t ions  each. The s ta t ions  

such tha t  each is at the centroid of an area of equal. discharge. 

and suspended sediment concentrations a r e  determined a t  the 

th, and surface a t  in te rva ls  throughout the tidal cycle. Selected 

ni tored through successive t i d a l  cycles, a t  spring and neap 

s of abnormal r ive r  discharge and wave ac t iv i ty .  

meters observed, and sensing methods - The major parameters measured 

zone suspended sediment transport  system are suspended 

t s  size frequency dis t r ibut ion;  and temperature, salinity, 
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d current velocity,  i n  three dim~nsio 

For reconnaissance determinations of suspended sediment ~ o n c e ~ t ~ a t i o ~  secc 

disc8 have been u t i l i zed .  These white p la tes  a re  lowered u n t i l  invis ible .  

depth of extinction is used as a measure of t ~ ~ ~ i d i ~ y ~  which i n  turn i s  a 

mainly of grain size,  concentration, and refract ive index. The c 

analysis of sediment concentration and size dis t r ibu t ion  has been by f ~ ~ ~ ~ a t ~ o n  

of a water sample of known volume and microscopic inspection of the f i l t r a t e .  The 

r e su l t s  a r e  expressed as milligrams per l i t e r ,  i n  the range 5 to 100 mg/E f 1. 
Newer methods include the Coulter counter (38), which senses conductivity of 

water sample, and photoelectrical  determinations of turbidtry.  Shiptowed, _y i n  

mrbidometers with deck readout: have great ly  simplified and expedited surveys of 

suspended sediment transport  systems. High a l t i t ude  s e r i a l  photography has 

very valuable accessory technique, i n  areas of high turbidi ty ,  for d 

gross surface pat terns  of tu rb id i ty  dis t r ibut ion and large scale tu r  

Airborne lasers ,  presently being developed for  bathymetric surveys, 

for sensing turb id i ty  i n  the near future (40). 

In areas  where suspended sediment transport i s  s ignif icant ly  effected by 

s a l i n i t y  and temperature gradients, these parameters are measured by 

s i t u  induction salinmeters which read sa l in i ty  i n  the range 

pa r t s  per thousand and temperature in  degrees centigrade i n  

- 

Current measurements f a l l  in to  two general categories. In 

ments, the meter i s  fixed r e l a t ive  to the frame of reference 

the meter Is measured. A host of current meters of t h i s  type 

means of impellers. More recent fixed point meters se  

the rate of propagation of sound, as d ~ s ~ ~ r t ~ o n s  

r a t e  of cooling of a hot wire. With these techn 

negligable. In meaeurements the meter 

respect t o  8 fixed fr E reference. A typ&ca% device is 
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t e  2s attached t o  the l i n e  a t  the depth a t  which current informa- 

e B and other  dyes a re  also used for La Grangian measure- 

y in te res t ing  photogrammetric technique employes s tereo pa i r s  

f t h  drogue buoys on it; the apparent height above the water 

t of  the buoys i n  

l e  Currents a re  

the stereoscopic projection is  a function of 

generally measured i n  cms/sec, range 0 t o  400, 

Coastal Erosion and Shelf Floor Resources 

ature of '$coarse sediment" (sand and gravel) and i t s  mode of transport  

adr8; by ro l l ing ,  dragging o r  bouncing) has been discussed i n  the pre- 

e 'Hereafter the category "sand and gravel" w i l l  be referred t o  as 

dvr, i t s  dominant componant, It remains to  1) surmnarize the mechanics of the 

t o r t  rine coarse sediments, and 2) t o  out l ine applied problems associ-  

€ sand transport  - It w a s  pointed out i n  the previous section tha t  

elf surface has been shaped by i ts  past  15,000 - 19,000 years of 

hj% t the beginntng of tha t  period, during the cliamc of the ice  age, so 

the sea's water was locked up i n  continental i ce  sheets tha t  sealevel. was 

5 meters o r  more, and the world's shelves were exposed as dry land. 

8 time streams brought sand t o  the exposed shelves, and the surf of the 

g s h o r e ~ i ~ e  has, since then, spread and reworked t h i s  material. A t  about 

4, 0 years ago, the rate of sealevel r i s e  slowed, and the modern ahore- 

e bu i l t .  Wave a t tack  truncated projecting headlands, and longshore currents 

tfng sand and debris l a t e ra l ly ,  to form s p i t s  and ba r r i e r  is lands 

uths of adjacent es tuar ies .  These features are re t rea t ing  landward 

etas of the continued slott r i s e  of sealevel (perhaps 4 unn per 
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Marine geologists recognize two sea f l  

s i t i o n  of marine sand (42). A shore €ace extends a t  a sf 

the low t i de  l i ne  t o  the edge of the more gently sloping 

The slope of  the shore face is generally not constant, but is more nearly e 

rial with the steepest  portion near shore. This is an equilibrium surface, adjusted 

by wave act ion to  absorb the energy of shoaling waves. It i s  furfaced by %ode 

sand, whose s i ze  frequency d is t r ibu t ion  is fu l ly  adjusted to  the 

regime. The shore face may be primarily a constructional feature,  building se 

in areas of abundant supply of sand from r ivers ,  o r  i t  may be a wave-cut surface, 

only thinly mantled by "modern sand7' derived from wave erosion. The l a t t e r  type is  

more common, a s  a consequence of the continuing rise of sea level ,  since exce 

where i t s  e f f ec t s  are overcome by an abundant supply of f luv ia l  sand, a sea leve 

r i s e  r e s u l t s  i n  erosion of the shore face, and concornmittant aggradation of the 

sea f loor .  

Seaward of the break i n  slope, the shelf floor i s  veneered with a sheet 

"rel ic ta1 sand, shore-line deposits r e l i c t  from lower stands of the sea. This 

material is  being reworked by the modern shelf hydraulic regime, but much 

slowly than a r e  the shore face sands. 

Dynamics of sand transport - In order t o  understand problems of c 

transport ,  i t  i s  necessary t o  b r i e f ly  conside 

nental shelf .  

The hydraulic regimes of the shore faces a re  twofold. The beach and __J__I s 
__I__ 

zones 

normal to  the beach. The basic phenomena behhd longshore s 

l i t t o r a l  d r i f t  is the wave-driven longshore current. Nost wave trafns a 

the beach do so at an angle oblique to  the shore. They ro ta te  int 

comprise high energy zones of rapid and transport ,  both pa ra l l e l  w i t h  8x1 - 

_s__ 

as a consequence of wave refract ion ( m x e s s i v e  sect% 
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but a residua angle connuonly remains. As the waves "break" 

m oscZllation waves t o  waves of t r ans l a t ion  (bores), water 

y up the beach, and restores  under the influence of gravity 

the beach, i n  the direct ion i n  which the wave angle opens. The 

ant coastwise "longshore current'! between the beach and 

y reach ve loc i t ies  of 50 cms/sec o r  higher. Such currents may 

thousand of cubic meters of sand past  a given point on a coast per 

year, 

r e  transport: is a re su l t  of the interact ion of osc i l l a to ry  

e of the beach face, and the range of grain sizes available.  

the re la t ive ly  f l a t  swells approaching the beach generate a- 

surge which is much stronger than the seaward surge associated 

th  the adjace t wave troughs. Consequently course sand moves landward t o  build 

nd is  thrown in to  suspension, t o  be s m p t  seaward by i n t e m i t t a u t  

associated with "wave set-up",  or the pile-up of water by waves 

d the beach. This f ine sand i s  deposited as a well-sorted mantle 

e r  water toward the foot of the shore face. During the stormy 

t e r o  however, most of the available sizes of sand are thrown into 

beach is eroded back. Thus beaches undergo a yearly cycle of 

winter r e t r ea t .  Net loss o r  gain over a year depends on in t e r -  

re-offshore transport  with longshore transport ,  p lus  the extent t o  

i s  b e b g  supplied by nearby r ivers .  But because of the slow, 

sealevel,  most beaches appear t o  undergo an inexorable, long- 

retreat, a t  rates ranging from centimeters to meters per year. 

ses require fur ther  comment, since t h e i r  hydraulic regimes are 

ared, and furthe r e ,  have a di rec t  bearing on problem of harbor 

~ ~ ~ ~ ~ ~ e ~ ~ ~ g ~  These are the regimes prevalent a t  t i d a l  i n l e t s ,  and at the mouths 



of large bays. T i d a l  i n l e t s  a re  t asses between b 

small es tuar ies  and coastal  lagoons from the open oceans. They a re  mai 

t i d a l  currents which equalize the water eve1 of the in t r ac  

rhar nf: the open sl?e!_f. Fq7?f!f??~%zz ?I,nf_e?:: h w e  crass-scctions Lit squarc f ee t  

equal to  the volume of water passing through them on a half  t i d a l  cycle (tLda$. 

prism) in  acre-feet. Attempts  t o  maintain them at  navigable de ths  greater  than 

equilibrium cross-sections in  the face o f  igorous l i t t o r a l  d r i f t  require constant 

cost ly  dredging. Furthermore, t i d a l  i n l e t s  tend t o  migrate down the direction 

l i t t o r a l  d r i f t ,  and the work of coastal  engineers is  to  a large extent concenne 

with i n l e t  s tab i l iza t ion .  

The s i tua t ion  i s  a l i t t l e  d i f fe ren t  a t  the mouths of such large estuar  

as the Chesapeake Bay. Here changes i n  the area of equilibrium cross-sect 

over-shadowed by coq'lex changes i n  channel configuration. Bay mouth shoals are 

generated by l i t t o r a l  d r i f t  as the slow i n f i l l i n g  of back-estuary areas by f 

sediment reduces the t i d a l  prism. Such shoals develop co lex topographies 

r e su l t  of a phase lag between the shelf t i d a l  wave and the f ~ ~ c ~ ~ o n a r @ t a r ~ e  

wave ref lected from the back of the estuary. The estuary t i de  co 

some Traction of an hour a f t e r  the shelf t ide  has s ta r ted  ts flood. The f 

shelf  t i de  tends to push i n  on e i the r  side of the main $et ebbing f r o m  t 

mouth, o r  may in t e rd ig i t a t e  with it l e x  way, w i t R  the 

se r i e s  of interlocking ebb- and flood~channel systems form, separated by haza 

shoals. These shoals evolve and migrate according ts 

rules. 

Vigorous sand movement ceases a t  the foot 0 5  the s nB: 

continues seaward across the shelf ,  bue except on t ~ a @ ~ d ~ m i ~ a t ~ d  s ~ e ~ ~ ~ ~  s 

those of western Europe, it tr 

of rare cataclysemic storms. 1 
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~~~~~~~~, ilt s not d i r ec t ly  a f f ec t  the more pressing prac t ica l  problems of 

n me preceeding discussion of the dynamics of coastal  sand 

o r t  has fare-shadowed some of the major problems of coastal  zone engineering. 

g these i s  the problem of coastal  erosion (U. S. Army Coastal Engineer- 

Center, Rept * 4). 

The lm unconsolidated coasts of the world a re  undergoing general erosional 

t the ra re  of centimeters to  meters per year. The Atlant ic  coast of the 

States from Cape Cod t o  Cape Sable, Florida, and the Gulf Coast (with the 

s s i s s ipp i  del ta)  f a l l  in to  t h i s  category. Hundreds of thousand 

n these coasts, plus the U. S. Army Corps of Engineers, have 

ncreasing concern over t h i s  problem since the period of the 

remedy for t h i s  problem has been developed, aside from the 

f loca l  beach s tab i l iza t ion ,  and replenishment with material  

Examples of resor t  areas on the Atlant ic  seaboard which have 

experiencing costly erosion problems a re  Miami Beach and 

; Myrtle Beach, South Carolina: Wrightsville Beach and the 

rol ina;  Virginia Beach, Virginia; Ocean City, Maryland; 

ev Jersey, Long Island and Cape Cod resor t s ,  

blem of considerable significance t o  coastal  engineering 

abnrenance for ports  located i n  lagoons behind tidal inlets, and 

estuar ies ,  Harbor-mouth maintenance is necessitated mainly 

Pes ~f por t s  on America's eas t  coast which 

s t ~ b i l ~ z a t ~ o n  problems are Daytona Beach and Jacksonville, Florida. 

olina,  and Atlant ic  City, New Jersey. The major commercial 

s i tuated on estuar ies  whose mouths msr be dredged. These 

a; Charleston, South Carolina; Norfolk, Virginia; Baltimore, 



Maryland (Chesapeake Bay), and Phi l  d e l ~ h ~ a  (Delaware Bay). 

The same i n i t i a l  step i s  necessary to solve problems of 

and harbor mouth shoaling i n  these diverse portions of the At1  

I n i t i a l  coastal  
morphology 

similar areas  around the world. It i s  necessary to  develop a process- 

model for  sand transport  i n  the area of concern capable of ~ ~ ~ i t ~ ~ c  

Elements of such a model for  coastal  erosion a re  a s  follows: 

Sand carrying 
currents 

.-...a 2 
a. areas  and volume 

of erosion 

i 
! b.  areas  and vol 
i of accretion 
_I 

This model may be entered i n  one of two ways. Either the transform elements 

be di rec t ly  measured, and the response predicted, o r  the process elerne 

measured, the currents computed, and the response accordingly predicted. Since in 

many cases, basic process data is alJeady available,  much work 

the Corps of Engineers i n  the development of empirical ~ o ~ ~ l a s  

coastal  response from measured process elements, 

Measurement of coastal  p r  cess elements - The fundamental energy 

coastal  Nedimentation s tudies  is  wave energy. Wave parameters, a r e  a 

(.5-2 m, 2 1 ) ,  period (4-20 see, $ 1) and 

a given ins tan t ,  f a i r l y  consistent off ore aPsPng many te 

coastl ine,  but vary with the per iodici ty  of local. weatkae~, and 8 

evolution of storms many thousand of n h s  distant .  Local 

as a broad spectrum, of wave lengr d heights, an 

generating areas  frequently arrive at the same point, c o ~ $ @ ~ ~ e ~ ~ ~ ~ ,  ~~~~~s~~~~~ 

ins from several 

methods a re  used t o  d e 9 ~ ~ o p  wave e methcsd: assesses re 
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s at sea, compiled by the U. S. Navy Oceanographic 

and s w e l l  charts. The second appl ies  wave forecast- 

duce wave s t a t i s t i c s  Tor the study area from h i s t o r i c a l  

ps (44). Both methods provide s t a t i s t i c a l  data on wave heights 

p water, The l a t t e r  method a l so  provides wave periods assoc- 

dfrectton, enabling energy evaluation. Attempts a re  presently 

y measure these parameters by remote sensing (45). 

t e r  wave velocity var ies  with depth, wave energy is concen- 

rs and r a r i f i ed  along others  by wave refract ion,  due t o  

r e  face. Wave refract ion patterns and resul tant  l i t t o r a l  

tudy may be calculated by computer. Input consis ts  wave 

parameters of the most frequent wave regimes, t he i r  r e l a t ive  yearly durations 

t r y  of the shore face. The l a t t e r  information is usually determined 

ouring the smooth sheets from which U. S. Coast and Geodectic survey charts  

e char ts  themselves are l ess  sui table ,  because they have approxi- 

of the or ig ina l  cata.  The output includes dai ly  wave energy transmitted 

are prepared. 

8 ,  i t s  longshore component, and (based on various empirical relationships) 

t t o r a l  sand transport  r a t e  i n  cubic meters per year. The 

of transport vectors for ;successive coastal  segments of perhaps 5 km 

osion o r  accretion due to  l i t t o r a l  d r i a f t  for  these segments. 

ck calculations may be checked by comparison with time se r i e s  

gfelder and others), 

r accretion, and with annual volumes of accumulation and 

of wrecks, grains and other a r t i f i c i a l  obstacles. 

( 4 6 )  or  of h i s t o r i c a l  char ts  for  

asurements - In the mouths of tlldal i n l e t s ,  addi t ional  

be made, and i n  the mouths of large bays, these addi t ional  

e process-response model may be correspondingly 

ed, as folPc9ws: 
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Proce s s elements - . .- 
1. i n i t i a l  morphology 
2. grain s ize  d is t r ibu t ion  1 
3, rate, and grain s ize  t 

of sediment input 
4. rate and grain s ize  of 1 

sediment output 
5 .  current s t ructure  

I - *  

I 

-- 

I Projected f ina l  

I 
.-----.--'b. : a. areas 

.f ' 

i b. areas and 

! 
i 

In t h i s  model for the sediment budget of a bay mouth or  i n l e t ,  the preceeding 

mode fo r  longshore transport appears as Items 3 and 4 of process elements, 

additional proviso tha t  the grain s ize  frequency dis t r ibut ion is now c r f t  

small i n l e t s ,  sand is bypassed across the i n l e t  mouth, v ia  a lunate (cresent 

bar, hence both sediment input: and output i s  of concern. Hugh bay 

e f f i c i en t  sand traps, and sand may not be bypassed. 

The i n i t i a l  morphology of the bay or i n l e t  mouth must n5w be k 

de ta i l  than can be indicated on uost charts,  and i s  usually map 

the study by means of acoustic fepth sounders. Vertical  resolution of 2 1% c 

electronic  precision navigation systems horizontal reduction of f 5 ma Im c 

water, l a se r  bathymetry may be feasible (see rer'erence i n  preceeding sect io  

borne laser surveys of water masses). The bottom p r o f i l  

f i c i en t  resolution t o  detect  such r n ~ ~ r o ~ ~ ~ 5 ~ o ~ ~ c  features as sand rippl d 

sand waves. I n  the strong f i c a l  currents of bay mouths, ese bed forms are 5 

ant mechanisms of bedload sand transport. 

The bottom of the study area is grab sampled comntoKly a t  t 

the bottom morphology i s  mapped, Density of the sample e t  is a function sf the 

wavelength of the bottom topography, and the log.Lst%cs of the s ~ @ y ,  but spac 

between survey Hnes is commonly several hundred meters or less, 

are continuous, while grab sample s t a t i c m  may be spaced 

are obtained a t  a statlon, 
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y being developed which have l imited 

he nature (grain s ize  dis t r ibut ion)  of bottom sediment 

m e t e r  measured is the current system. For bay and i n l e t  mouths 

rather  than wave driven, as i n  the case of l i t t o r a l  

ted by density ( sa l in i ty)  driven currents,  and i s  

dimensions. Consequently it  must be measured d i rec t ly .  

flow systems of t i d a l  es tuar ies  the primary parameter 

oci ty  i n  the range 10-400, 2 15 cms/sec. This must 

for perhaps 3 minutes every 30 a t  l eas t  through a 12  hr .  semidiurnal 

permit, the diurnal and longer term components should 

e t  might consist  o€ 20 sta t ione ,  s t r a t eg ica l ly  s i t u -  

s and on shoals with i n  s i t u ,  one month, recording o r  telemetering. 

m, mid-depth and surface meters moored t o  an anchor. 

usand, $ -1 and temperature (O-4O0C 2 .l) are a l so  

t system is par t ly  driven by the fresh water input 

ivers. -_I_ In s i t u ,  one month recording o r  telemetering salinometer thermometers 

the current meters. In  addition density prof i les  

te rva ls  should be taken a t  quarter-t ide in te rva ls  

uate resolutkm of the current system, plus a detai led map of the grain 

1 permit estimation of the r a t e s  and directions of sediment 

rough a var ie ty  of empirical formulas, and pre- 

sediment erosion and accretion. 

era1 Resources of the Continental Shelf 

east concern for the con then ta l  shelf  involves not i t s  amre 

E sediment movement, nor the storm-induced s h i f t s  i n  bottom 



topography, but the mineral resources contained i n  Its r e l i c t  sand 

a re  f i r s t  and foremost merely sand and gravel, The demand fo r  these co 

materials is increasing off eas t  coast metropolitan areas t o  the e 

coming economically feasible  t o  dredge them. Sand is  a l so  being pu 

from immediately offshore of large resor t  beaches to repl inish areas of severe 

erosion (48). 

Secondly, the madern beaches, and the drowned beaches and s t se  

of former lower stands of sealevel have hydraulically concentrated c 

minerals such as ilmenite (titanium ore), cass i t e r i t e  ( t i n  ore) ,  z ip  

ore),  gold, ana diamonds, EO tne extent tha t  it is local ly  econieally s e a s ~ o s e  ECB 

dredge for  these materials. 

Finally the bottom morphology dist r ibut ion of bottom materials controls the 

d is t r ibu t ion  of bottom fauna and i s  of considerable importance to the fishing 

industry. Bottom sediment dis t r ibut ion on U. S. continental shelves is present 

being mapped by several federal  agencies, including the Bureau of Commercfal 

Fisheries,  the U. S. Geological Survey, and the Coastal Engineering Zesea 

The procedure i s  simple one, where a ship traversing a xec t i l l inear  s 

samples the bottom once per 10 sq. km. and submits the sample to  lab 

far grain s i ze  and mineral composition, 

Subsurface geology 

Previous sections of t h i s  discussion of Geological Processes 

have been concerned with phenomena o u t s i  e the surface of the so 

l i ne  erosion, sediment deposition, water circu and so on, occur at the i 

terfaces  of land, sea, and air, or  within the f lu id  bodies of rhe sea and afr. 

Many of the answers t o  the geologic questions of current i n t e  

ben@ath the sol id  surface. In most land areas there 

giving clues to subsurhce geology, In coastal  zones, and 



j o ft en thick ayers of sediment hide most of the v i s ib l e  clues 

O U P C ~ S  of petro eum and mineral ores,  and secrets  of the 

y o  even the or igins  of the ocean basins, a re  hidden here. 
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t o  

t ~ @ t ~ o d ~  of finding, delineating and interpret ing s t ructures  

ded i n t o  two main categories: 1) di rec t  observation 

t e r i a l ;  and 2) indirect  observation of the subsurface. In 

ch features a s  fau l t s ,  folds, intrusions,  and flows are 

r re la ted  by f i e l d  mapping and observation of exposed features,  

of a e r i a l  photographs and side-scanning radar imagery. 

urface and examining recovered samples of the ear th  is a 

~ r ~ n s ~ ~ ~ ~ ~ a ~  method of studying the subsurface. It is used as a supporting method 

i r e c t  o r  ind i rec t  procedures. The second category, tha t  of stydying 

atures ,  i s  more complicated for i t  e n t a i l s  a var ie ty  of sophisticated 

t f ~ r  investigating d i f fe ren t  aspects of the subsurface. For example, i n  

 on of subsurface rock units ,  and the delineation of f a u l t s  and folds,  

an be conducted. In t h i s  process an explosive charge is  detonated 

ock waves. These waves a re  ref lected and refracted as they pass 

f fer ing r i g i d i t y  and density. \Jherev?.s there is a change i n  the 

t i e s  of the rock, par t  of the energy is  ref lected back toward the 

e the remainder passes through t o  the next discontinuity. The record- 

cted waves along with calculations of time and distance functions 

geologbst t o  determine depths, configuration, and, i n  a general way, 

re f lec t ing  horizons or discontinuities.  By comparing the re- 

re ta t ions  pertaining t o  correlation and s t ructure  can be ob- 

depth of penetration depends on the sens i t i v i ty  of the 

of the force generated shock wave, and the placement of the 

respect to the e a r t h e s  surface. A similar process is used by 

s ta t ions  which record earthquake waves, calculate t h e i r  



point of or ig in  and use these wave records i n  

in t e r io r  . 
e study of the 

Another ind i rec t  method of studying the subsurface i 

instrument which a t  present, can have an accuracy of a p p r o x i ~ t e l y  one 

50 million. Information pertaining t o  the s t ructure  of the e a r t h w s  crust  an 

i n t e r io r  comes from interpretat ion of area where the force of g 

from the calculated normal. These deviations o r  anomalies can be 

correcting the observed value for the e f f ec t s  of l a t i t ude ,  t e r ra in ,  the Bouger 

e f fec t  (a t t rac t ion  of a mass of material between sea level  and point 

f reea i r ,  elevation above sea level ,  and the sun and moon. The observed value 

consequently reduced t o  what i t  would be a t  sea level  a t  tha t  posit ion i f  the 

e f f ec t s  of a l l  the t e r r a in  above sea leve l  as well as the e f f ec t s  of the s 

moon were removed. I f  the corrected value s t i l l  deviates from the calculate 

theoret ical  norm, then an anomaly ex l s t s ,  which may be e i the r  posit ive or  negat 

Negative anomalies e x i s t  where there is l e s s  dense material surrounded b 

dense material. For example, negative anomalies a re  found over salt dome 

the Gulf of Mexico and along the Gulf Coast. Typically these plugs are a 

mile i n  diameter, roughly c i rcu lar ,  shaped somewhat lUce a spindle 

and a re  located generally a few hundred fee t  to  a few t h o u ~ ~ ~ d  fee t  

surface of the crust ,  Posit ive anomalies a re  found where a more dense area su 

as a metal l ic  ore body is surrounded by 

a l so  used t o  help locate f au l t s  and folds where high dens5 y rocks have 

f m e a ~ u ~ @ ~ ~ t ~  

ess dense country rock, ~~0~~~~~ a re  

Unlike seismic methods, gravity measurements do no2: give deta 

about the depth o r  shape of the buried r masses. For example, a 

high density ore  buried a t  a shallow dep ight  give the same an0 

larger  bur more deeply buried mass, ~ ~ ~ s ~ ~ ~ e ~ t l y  other geologic me 

employed t o  gain fur ther  insight  fnto 

ping on a scale of 1 : l O O  tion required 
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e order of lo milXiga%s. For mapping on a scale of 1:24000 the 

futfion should be the order of tenths of a mill igal .  

A third basic method of ind i rec t  observation of the subsurface is  by magne- 

magnetometric surveying the uni t  of measurement is  the gamma, 

sf a gauss. $he quant i t ies  usually measured i n  magnetometric surveying 

gfc s t ructure  e i t h e r  on the ground o r  by air-borne o r  ship-borne instru-  

and ve r t i ca l  components of the ear th ' s  magnetic f i e ld .  

ected for  the influence of a number of cycl ic  and irregu- 

etosphere, and for the normal o r  t e r r e s t i a l  regional 

ensity.  The resu l t  of these reductions is  an anomaly 

d to  geological s t ruc tura l  conditions i n  the subsurface. 

e r f e  survey work is based upon the fac t  tha t  rock masses and rock 

e r  i n  t h e i r  magnetic qual i ty  o r  suscept ibi l i ty .  For 

those of iron, are  highly magnetic. Some igneous and 

i c  rocks contain a re la t ive ly  large proportion of magnetite. Local 

maly values can probably be a t t r ibu ted  t o  the form, s ize ,  and d is t r ibu t ion  of 

ck bodies (igneous, metamorphic, sedimentary) which a r e  comparatively r ich  in  

1ly susceptible minerals. 

tetaition of magnetic anomalies for t h e i r  geologic significance is  by 

ses there is a def in i te  relationship between the magnetic 

a subsurface l i tho logic  or s t ruc tura l  feature,  while i n  other  cases 

correlat ion between very pronounced magnetic anomalies and sub- 

re down t o  d r i l l ed  depths of several thousands of feet .  

y be from deeper Eying causes. 

e case o f  grav%ty mapping, second (or greater)  der ivi t ive maps may 

lut ion o b  the magnetic anomaly. 

. the rinimum resolution needed for  general 

f hundred o f  gammas. The maximum resolution w i l l  
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depend on technological advances, sumey eesns sf 

a re  used. 

Another method for ind i rec t  ~ b s e ~ a t i ~ s  of 

for thermal measurements. Surface temperatures and heat 

clues t o  subsurface phenomena. The use of thermal ~ ~ ~ ~ r i  

ac t iv i ty  is obvious. More subtle te 

f a y l t s  and other  subsurface features,  Synoptic measu 

platforms carrying i n f r a  red sensors a r e  usually nec 

features e 

erature  differences may 

In coastal  zones the published information on subsurface ge 

Reasons fo r  lack of publication a re  several. As indica 

features of the coastal  zones a re  not readily visible 

and/or coverage by water and sediments. Instrumenra €b 

the subsurface with much precision and accurace are re1 

use somewhat expensive. Measurements by public agencie 

therefore, have been l imi ted .  Comp 

mathematical manipulations on data 

for interpretat ion of subsurface 

portion of the ind i rec t  subsurfac 

commerically i n  the search for pe 

sources. Such Lnformatian is thus clo 

There is need in many coast: 

subsurface where there is crustal 

unforeseen earthquakes, ear 
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AppPgcation of S a t e l l i t e  Data to  Geological ProbXams 

o p t i c  measurements of magnetic anomalies have been made from polar- 

ge-scale gravity anomalies have been inferred f r o m  

satel l i te  obse t ions (SO).  Repeated coverage of various coastal  areas  w i l l  

provide imagery from s a t e l l i t e  borne sensors such as i n  the middle Atlant ic  sea- 

is will allow interpret ing and correlat ing coast l ine modifications w i t h  

respect t o  wind and current directions,  storms in t ens i t i e s  and direct ion,  the 

mal climatic conditions between periods of storms, and the type and 

size d i s t r ibu t  on of involved sediment. 

To date i t  has been impossible t o  obtain repeated coverage on a day-by-day; 

week-by-week; or  month-by-month basis  over considerable lengths of t i m e  and 

vering barge geographic areas.  Recent investigations have generally deal th  with 

anges occprrrhg i n  small geographic areas  and covering short  lengths of time. 

Many of these are prof i le  studies which give l i t t l e  insight  i n to  the 

rocesses and modification occurring outside the p ro f i l e  area. In  addition many 

(51, 52). 

are confined t o  e i the r  the beach and near shore areas  o r  t o  off shore studies.  A 

ew investigations have looked a t  geographically small area over considerable 

(years to 100 o r  more) using available aria1 photographs, charts,  

p s  and sketches (53). This type of investigation gives a net change i n  shape 

e area. but is of Li t t le  a id  i n  interpret ing these changes as t o  why they 

they occurred, when they occurred, and the r e l a t ive  energies needed 

se changes. In  addition it i s  of l i t t l e  help i n  understanding the 

E various t i des  and currents occurring i n  the area. 

imagery coupled with ground t r u t h  data on winds, currents,  

d give much insight i n to  the processes and energies 

modification. Rate of sediment t ransfer ,  and the shape and 

rate of ~~~~~~~~e~~ of shoals both off shore and i n  protected bodies of water 

icted.  Repeated sa te  gery tn several  narrow 
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wave bands, as w e l l  as composite color far selected areas is needed. Ground trut 

investigations would include measurements pertaining to wind and current direct ions 

and velocity,  t i d a l  f luctuations,  longshore d r i f t  d i rect ion and velocity;  selected 

l i nes  of pro f i l e  from beach t o  offshore; and an analysis of sediment type and size 

dis t r ibut ion.  

Synoptic multi-channel imagery coverage 0.2 a11 o r  pa r t  of an emerged coastal  

provlflce for  the purpose of delineating and mapping vegetation types, soil types 

and r e l a t ive  ava i l ab i l i t y  of near surface ground water over 8 large area would 

provide a valuable ground truth experiment. 

Such investigations would give €or the 'first time. a detailed composite 

understanding of the d is t r ibu t ion  pat terns  of coastal  p la in  vegetation, s c i f  

and water. Such information would be or' great  value in  future local,  s t a t e  and 

federal  planning programs pert inent  to the development and management of these 

areas. In addition t h i s  information would serve as a base €or Iuture studies 

dealing with changes due to natural  phenomena i.ncluding drought flooding and 

human a c t i v i t y  such as large scale drainage; E l l i n g ,  dredging, and expansion 

of resictential areas. 

Ground t r u t h  investigations w i L l  be needed to  correlate  imagery with actual 

vegetation types and qual i ty ,  soil tries and Location of  the water table. 

Study of shallow water sediment transport: and deposition with respect to 

t i m e ,  wind, currents,  and t i d a l  var ia t ions would be productive Erom satel l i te  

imagery . 
Beach erosion is most: act ive during periods or 'high enerry refease such as 

storms and hurricanes. The eroded beach material mag be moved i n  the direct ion of 

dominant long shore currents: offshore t o  form a submerged bar;  and 

continental shelf  i f  the sediment size  i s  f ine and trapped i n  strong 

moving r i p  currents.  

By observing the re la t ion  of sediment transport  over a long p r i o d  sf time to 
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a vaxbety of wixid, current, and t i d a l  conditions an understanding w i l l  be a t ta ined  

8 s  to I) where the sediment is  being transported; 2) areas  of  possible shoaling 

and i3~~4.r predicted growth or destruction; and 3) prediction of spread o r  entrap- 

ment of waste products now being dumped a t  sea by coastal  metropolitan cit ies.  

A great  deaf of ground t ru th  investigations will. need to  be conducted t o  corre- 

late observed imagery with the physical factors  operating i n  the area.  Such items 

as character and configuration of the bottom surface and below surface current 

direct ions and ve loc i t ies ,  sea s t a t e ,  t i d a l  f luctcat ions and ve loc i t ies ,  and wind 

direct ions a d  velocielies must be determined before any meaningful in te rpre ta t ion  

can be applied to  the s a t e l l i t e  imagery. Some ground t ru th  experiments which would 

ntribute to  the EXTS-A i B, o r  ERTS-E 6: F programs are suggested below. This l i s t  

e s  not exhaust the p o s s i b i l i t i e s  which w i l l  r e s u l t  from these programs. 

- An investigation confined primarily 

eSs the beach and surf zone. Parameters to be evaluated, using ERTS-A sensors w i l l  

be beach configuration and modification, temperature pat terns  on the beach as an 

ndicatton of grain s ize  (sand o r  gravel) and composition (quartz, organic mats, 

c . l g  temperature i n  the surf zone as i n  indication of energy release,  and temper- 

ature dis t r ibu t ion  pat terns  between the beach and surf zone as a means of determ- 

rcection and perhaps magnitude of long shore currents. The area of study 

should be eas i ly  accessible during a l l  types of weather, such as the coast l i n e  

a Beach, Virginla to  Ocracoke Island, North Carolina. Because i t  is 

d$ffieuf& to  simultaneously monitor the en t i r e  area sensed by a single satell i te 

ass,  selected sites of reference would be used fo r  the ac tua l  taking of measure- 

ments and cal ibrat ion while the intervening areas would be used as areas  of 

~~~~~~~~~~~~~ j c t  fs thought tha t  sites spaced a t  10 t o  15 kilometers apar t  i n  

15 t o  20 Esters of water uld be adequate fo r  monitoring waves outside of the 

to BO kilometers apar t  i n  the surf zone with closer spacing i n  ana 
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areas of known a c t i v i t y  and rapid change such as False Cape, Cape Hatteras, 

Hatteras I n l e t  and Ocracoke In l e t .  There would be approximately 4 s ta t ions  per 

s i t e  except i n  the above mentioned areas. Stat ion 1 would record beach width, 

beach composition, grain s ize .  and temperature of beach surface; s ta t ion  2 would 

record current veloci ty  and direct ion,  temperature, and amount of suspended meter- 

i a l  between the beach and the surf zone; s ta t ion  3 would record temperature, 

veloci ty  of incoming waves, direct ion of wave, period of wave, wave height a t  

breaking depth, breaking depth, angle of surf of a par t icu lar  wave regime with 

respect t o  coast l i ne  i n  the surf zone; s ta t ion  4 would record temperature, wave 

direction, period, and height and topography of the bottom seaward of the surf 

zone. 

Ground t ru th  sensing equipment needed fo r  t h i s  experiment would be wave 

gauges, suspended sediment samplers, such a s  the Coulter counter, bed-load samp- 

lers, such a s  the Arnhem bed-load sampler, and smooth sheet marine charts ,  while 

the imagery needed t o  conduct the satel l i te  phase of t h i s  experiment would be 

from a l l  ERTS-A channels. 

A great  deal of important information concerning not only short  term beach 

erosion and accretion but also long-term e f fec t s  on the coastal  area can be ob- 

tained from such an experiment. Such long-term information would play a v i t a l  . 

role i n  the prediction of beach modification and consequently be an important 

tool i n  the evaluation, planning and development of coastal  lands for  best  use. 

- Observation of Offshore and Bay-mouth Shoaling - Horizontal and ver t ica  

water c i rculat ion pat terns  a re  of ten influenced by bottom topography, while the 

bottom topography i s  the r e su l t  of current patterns.  This interact ion e o d d  be 

used a s  a means to detect ,  p lo t ,  and es tab l i sh  growth and migration of offshore 

shoals. 

The area of study should be the off-shore area from Cape Charles, 

to Ocfacoke Island, North Carolina because th%s area has a his tory  of 
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due to shoaling conditions. Selected areas  such as  the Chesapeake Bay mouth and 

D2amond Shoals off  of Cape Hatteras w i l l  be neasured using shipboard bottom p ro f i l e  

equipment. lforaitoring w i l l  be done during s a t e l l i t e  passes a s  w e l l  as p r i o r  to  and 

af tef  stoma, In addition, sea s t a t e  parameters such as wave height,  direct ion,  

and period as well as temperature, s a l in i ty ,  current direct ions and ve loc i t ies ,  

and amounts of suspended and bed-load will need to  be determined. 

Apparatus s imilar  t o  tha t  i n  the preceding l i t t o r a l  zone experiment w i l l  be 

needed with regional spacing of about one s ta t ion  per 15 t o  20 square m i l e s  and 

several. areas  of detai led observation having a spacing of one s t a t ion  per square 

m i l e  fn 5 to  PO square mile blocks. 

Ground-determined shoal posit ion and migration w i l l  be collated with the 

l i t e  imagery. The other ncnsured parameters w i l l  not only provide a good 

sE3 for predicting future buildup, destruction and/or migration of shoal condi- 

t ions but these measurements a l so  can be correlated with s a t e l l i t e  imagery for 

t e l l i t e  observation in te rpre ta t ion  i n  other areas. 

Economically, an understanding of shoal posit ions and shoaling causes would 

, lend important information to  maritime industr ies  for navigation, and would a l so  

he1 

needs. 

ineate  possible new sources of sand and gravel for future construction 

- This experiment is 

designed t o  observe, co l la te ,  and ca l ibra te  suspended sediment load egressing from 

protected lagoons to open marine conditions. 

E: known about the sediment load being transported through t i d a l  channels 

such as Batte2as and Ocracoke I n l e t s  from protected bays, sounds, and lagoons to  

en marine waters. Y e t  i n  many instances such knowleCge is  of economic importance 

because t h i s  sediment contributes to  shoaling of navigable channels, development 

of offsbore bars and sediment supply of the beach. 
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Ground t ru th  investigations 

1)  tidal fluctuation. 2) volume 

fo r  t h i s  

of water 

experiment would include stud 

entering and ex i t ing  from the selected 

i n l e t ;  3) current ve loc i t ies ,  dis t r ibut ion,  and patterns;  4) salinities of enter- 

ing and exi t ing water; 5) temperature of entering and exi t ing water; 6) re f rac t ive  

index: size d is t r ibu t ion ,  and concentration of suspended sediment being trans- 

ported through the in l e t s ;  7) s i ze  and concentration of bed-load being carr ied 

through the i n l e t ;  8) areal extent d i s t r ibu t ion  pat terns ,  dispersal  direct ions,  

and sediment charac te r i s t ics  of transported material seaward of the i n l e t .  

Ground t ru th  monitoring equipment necessary would consist  of t i d a l  gauges, 

current meters. Coulter counters Arnhem bed-load samplers: and smooth sheet 

marine charts.  Spacing of t h i s  equipment depends on channel and sedimentary plume 

configuration. I n  general. thov.gh the numer of s ta t ions  will range from 1Q to  30 

fo r  each cross section through the i n l e t  o r  sedimentary plume with approximately 

10 to 20 cross sections being needed. 

The configuration of the sedimentary plumes can be delineated by sa te l lLte  

imagery. Imagery density* shading, and color pat terns  and d is t r ibu t ion  w i l l  be 

re la ted  to  such ground detemiined charac te r i s t ics  a s  transported sediment volume 

concentration currents,  bottom topography and sa l in i ty .  

Determination of Xver  Run-o?f: Fresh th t e r  and Serlinent Volume - This ex- 

periment would test  the f e a s i b i l i t y  of determining estimates Of fresh water and 

sediment volume being discharged by r ivers .  Few r ivers  have accurate flow meter- 

ing equipment and consequently l i t t l e  is !<nom about the t o t a l  runoff of fresh 

water from land. In  addition, the t o t a l  rate of sediment supply to  the oceans is 

also unknown. By doing a p i l o t  study of a few selected r ivers  and calzbratfrag 

imagery color density and pacternl; with ground measurements, i t  seems possible 

tha t  i n  the future a standard reference f i l e  can be developed. River discharge 



patterns an a world-wide basis  then can be compared t o  the standard refemnce 

Pile and reasonably accurate estimates of t o t a l  h e s h  water and sediment discharge 

ceans can be at ta ined.  

The discharge data of B few selected r ivers  such as the Susquehanna, James 

and Savannah Xivers, which are now being monitored, should be correlated with 

some fsotures of s a t e l l i t e  imagery. This information should then be applied to  

a seeoad set of selected,  monitored r ivers  t o  determine the accuracy of satel l i te  

tee  of r ive r  discharge. 

River discharges can usually be ident i f ied  i n  photographs taken from above 

because they a r e  characterized by muddy water, differences i n  color o r  shading, 

rndlor Bines of foam or f loat ing debris. They of ten a re  characterized a l so  by 

watsr temperatures d i f fe ren t  from tha t  of the surrounding sea water. Ground t ru th  

~ e a s u ~ e ~ @ n t s  w i l l  be made to  determine the shape of the r ive r  discharge wedge as 

s volume and quantity of suspended material. The three dimensional 

ape sf the discharge wedge, i n  general, i s  a function of amount of r ive r  runoff, 

o t tdm topography in  the discharge area,  wind and wave conditions, currents,  

t ides ,  and ice ,  These parameters, consequently, must be measured. Equipment 

needed for t h i s  study, then would consist  of t ide gauges, wave gauges, current 

t e r s .  suspended sediment samplers, and bottom progiles.  Depending on discharge 

and configuration the number 0 %  cross sections needed to  monitor the area 

range from 10 to 20, with 10 to  30 s ta t ions  per cross section. 

~ d d ~ ~ ~ ~ ~ ~ ~  benefi ts  from such a study would be 1) data for assessing the 

sods and hurricanes, 2) increased knowledge of r ive r  e f f luent  

dynamics, and 3) considerable insfght in to  the processes of' del ta  deposition. 

- Submarine val leys  exer t  an import- 

currents. For example there are 

a r  canyons, these are differences 

in water calor and shading para l le l ing  the valley margins, and s t reaks of foam 
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have been found running pa ra l l e l  to  the valley boundaries. In  addition mass move- 

ments and turb id i ty  currents along the axis of the valley stir mud in to  surface 

water. Another phenomena which needs t o  be studied i s  the sur€ace expression of 

canyon controlled currents. For example ships positioned over the ax is  of a 

submarine canyon w i l l  remain over the ax i s  during extended periods 05 d r i f t ,  yet  

there i s  l i t t l e  evidence tha t  these valley influenced currents have surface ex- 

pression. 

Besides the delineation of known submarine valleys and the discovery or' 

additional such features,  repeated coverage would build a record of canyon flush- 

ing occurrences. Such a record would shed considerable l i gh t  on the causes for  

these movements. In addition high a l t i t u d e  image-ry could be or' great  value i n  

detecting and delineating the surface expression oE canyon directed currents. 

wave current wind Ground investigations would include such apparatus as 

and suspended sediment gauges. A t  l e a s t  three cross sections of  the canyon are 

needed, dividing the area in to  1) canyon head; 2) lower erosional canyon; amd 3) 

canyon fan. Station spacing should be on the order of every 3 to  5 miles across 

the canyon head and every 10 miles across the remaining two cross sections.  

Opinions of Others 

A short  questionnaire with a covering l e t t e r  (see appendix) was sent t o  about 

50 selected persons who a re  working i n  marine geology and closely re la ted  f ie lds .  

Replies were received from some 50 per cent 02  addressees. 

The rep l i e s  r e f l ec t  a wide range of i n t e re s t s  and opinions. Most rep l ies  COR- 

tained addi t ional  suggestions of problems and needs than were l i s t e d  on the 

questionnaire. Several persons aade comments of par t icu lar  value such as: 

"The important thing is t o  slow man's inroads down while we still have 
a chance to  make baseline studies of everything. But t o  be r e a l i s t i c  
we need to  know the environmental bases. what Is the physical, chemical, 
biological ,  geological environment on the shelf  and coast not only 
daily:  but what are the rare events tha t  may be most important? (54) and 
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ce *of problems i s  determined by need, po ten t ia l  gain, e tc .  , 
e qui te  d i f fe ren t  i n  the short-term sense from the long- 
cg. Your l i s t ,  t o  which I have added a few items, i s  f a r  
rehensive i n  each of i t s  three categories, I fee l .  pa r t i -  

cnr$brly when viewed i n  global terms.'P (55). 

ne opinions expressed i n  the rep l ies  to the survey showed about equal concern 

for  two general problems of the coastal  zone. These were :'pollution" and "shore- 

liqe processes". The e f f ec t s  of pollution on marine ecology in  general, and on 

E o d  f i sh  in par t icu lar  were emphasized. The increasing 

pollution were indicated. Problems associated with interact ions between land and 

dangers t o  man from 

sea i n  shore l i ne  processes were considered of high pr ior i ty .  Beach erosion, 

channel s i l t i n g ,  and data on sedimentary environments were recognized as such 

problems. Petroleum and mineral resources of the coastal  zone, and the legal  and 

p o l i t i c a l  problems i n  the use of the coastal  zones were not rated as  urgent 

questions. 

Geodesy 

Geodetic measurements and surveys a re  made with the best possible precision 

, and extremely f ine resolution. The objectives of these measurements include deter- 

mination af the exact shape of the ear th and the absolute horizontal  and v e r t i c a l  

location of any spot on the surface of the ear th ,  e i the r  land o r  sea. Such geo- 

serve a s  the bases for  the construction of most maps and charts. 

Geodesy includes measurements of the gravity and magnetic f i e l d s  associated with 

the earth.  Smafl scale anomalies i n  these f i e lds  a re  of par t icu lar  i n t e re s t  to 

geologists i n  delineating subsurface c rus ta l  s t ructures  and i n  locating mineral 

ore bodies, 
I 

The need for geodetic measurements of high precision and accuracy i s  obvious 

I$ a number of geological problems related t o  the coastal  zone. Vertical  movements 

in land and sea of low magnitude during re la t ive ly  long time periods a re  evidences 

of tectondc a c t i v i t y  and/or changes i n  l iqu id  water volumes i n  the seas. Apparent 
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movements may r e su l t  from shore l i ne  modifications due to  erosion 2nd deposition 

' o f  sediments. Short term changes i n  ve r t i ca l  posit ion of moderate to  Large rnagni- 

tude are infrequent and when they do occur are usually catastropic  t o  man and 

his works, Horizontal movements of l o w  magnitude over long tirpe periods may be 

evidence of sea-floor spreading and continental d r i f t .  

Some comments, which seem to  adequately describe s a t e l l i t e  geodesy are quoted 

d i rec t ly  from the report  of Panel 13 on Geodesy - Cartography of the 1967-78 

llSummer Study" ( 5 0 ) .  

s'End Products of Dynamic Satel l i te  Geodesy 

"So f a r  i n  t h i s  discussion of d-panic s a t e l l i t e  geodesy, the approach has been 
tha t  of an ongoing a c t i v i t y  evolving toward new and more valuable resu l t s .  This i s  
the p o h t  of vtew of the producer of the seodec'cic in2onnation. An a l te rna t ive  
approach can equally well be followed, emphasizing the products 0 5  dynamic geodesy 
from the user's point of view. In t h i s  aspect,  typical products of dynamic geodesy 
are : 

l 1 1 .  Long-wave s t ructure  of the gravi ty  f i e l d ,  obtained from tracking data, and 
the shorter-wave s t ructure  of the gravity f i e l d  obtained from s a t e l l i t e  a l t imetry 

' over the oceans. 

r t 2 .  More detai led knowledge than i s  now available for  time-varying components 
of the gravity f i e l d  (such as t i d a l  e f fec ts )  

"3. Absolute coordinates i n  a geocentric system for  s ta t ions  tracking the 
geodetic satell i tes 

"4. Very precise s a t e l l i t e  posit ions as  a f a x t i o n  of time, especially for  
s a t e l l i t e s  carrying geodetic instrumentation 

'j5. Precise elevations of many points on the ea r th ' s  surface, both ocean and 

"6. Time variat ions i n  the ear th  location of s ta t ions  tracking GEDY-4, the 
land 

satell i te optimized for use i n  monitoring ear th  kinet ics .  

"The principal  c i v i l  uses of these products, requiring improvement over the 
present s t a tus  are: 
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(continuatfon of quote) 

- U s e  Using Agencies 

Navigation o r  Location 
on the ea r th ' s  surface firms, par t icu lar ly  
with accuracy 2 10 to 
EO0 m oceanographic research 

IGeophy s i cal prospecting 

the petroleum industry; 

agencies 

Location of s a t e l l i t e  Topographic mapping 
camera posi t ions and agencies 
var ia t ions i n  elevation 
o 2 the topography 

Variation i n  elevation 
of snotv7, i ce ,  Lakes, and others  concerned 
r ive r s  with hydrological 

Vater resources agencies 

fore ca s tine: 

Satell i te o r b i t  determina- NASA; aerospace industry 
tion and prediction 

Elevations of ocean 
surface agencies, federal  and 

h a l y s i s  of o r b i t s  to  Space-research and 
determine s a t e l l i t e  
surface forces,  drag, e tc .  

0 ceanog raph i c  r e  search 

pr ivate  

me t eo ro l o  g i ca 1 &enc i e s 

Location or' s a t e l l i t e -  

(nangeodetic) as a 
Zunction of time 

Space-research o r  appli-  
I borne instmments cations agencies 

Precise differences i n  Time services;  astronomy 
os i t ion  and t i m e  be- 
ween d is tan t  s ta t ions  

Study of the ea r th ' s  
i n t e r i o r  agencies, Zedera1 and 

Geophysical research 

pr ivate  

Study of c rus t a l  m- 
t i sns ,  var ia t ion i n  agencies 
rotat ion of ear th,  etc. 

Geophysical research 

Product Used (1-6 from 
above) 

1: 2 ;  3 , 4  (sometimes 
through navigation 
satell i te)  

I, 2: 3,4,5 (sometimes 
through t r a  clcing 
pho togrammetri c 
s a t e l l i t e s )  

5 

1,3  

5 

3 .4  

1,2 

4 
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llGeometric S a t e l l i t e  Geodesy - The fundamental objectives of a geodetic con- 
t r o l  system i s  to give the locations of selected control points,  i n  suf f ic ien t  
number and qual i ty ,  i n  a Cartesian (preferably mass-centered). coordinate system. 
The select ion and the number of control points a re  based on the following needs: 

- 

O ' l .  To uni€y the various geodetic datums and to aonnect is lands,  tracking 
s ta t ions,  navigational beacons, and other isolated points of i n t e re s t  t o  such 
unif ied datums. 

!l2. To improve the in te rna l  qual i ty  of exis t ing geodetic ( t r iangulat ion o r  
other) systems by establ ishing t9  super-control,:. points i n  suf f ic ien t  number 

?$3.  To control geodectically unsurveyed areas €or future mapping a c t i v i t i e s  

'". To provide precise locations €or s c i e n t i f i c  reference s ta t ions  

"In t h i s  context, geometric safell i te geodesy serves a s  the connecting l ink 
between Cjmamic s a t e l l i t e  geodesy and cartography. The s a t e l l i t e s ,  observing 
instrumentation, data-reduction procedures, and products, and uses  of geometric 
s a t e l l i t e  geodesy have been well. developed, and no s igni f icant  changes are recom- 
mended as a r e s u l t  of t h i s  study.s' 

Cartography 

Charts and maps a re  essent ia l  to any in te l l igent  use of the seas and the i r  

resources. The e a r l i e s t  maps and charts t7ere prepared for  sa fer  and speedier 

t rave l  and transport  on the seas. Charts are  more useful i n  the coastal  zones, 

where navigation can be related to  geographical Ceatures by visual  'P€ixest9,  

ra ther  than on the open seas, where navigation must be done by "fixes" on 

celes t r ia l  bodies. 

Aslde from the i r  use fo r  navigation i n  the coastal  zones, maps and charts  of 

the seas are basic requirements fo r  the conduct of many other a c t i v i t i e s  re la ted  

to the seas. No measurement of the sea, the sea-floor: 01: the a i r  above the sea 

has much value unless the location of the measurement can be noted on a map. The 

accuracy with which any measurement of the seas must be Located on a map de 

on a number of factors ,  including the purpose 05 the measurement. Base maps. on 

which data may be presented, a re  presently being prepared with appropriate preci- 

sion and accuracy on scales  va;.ying froml: 1,000,000 to I.: 10,000. Satell i tes carry- 

ing geodetic sensors improved ground-based geodetic instruments, and hggh-levelr 



high-resolution photography enable the production of basic maps which meet almost 

El requfrements o f  science and survey fo r  precision and accuracy i n  the coastal  

eone (50). 

The problems curreiitly faced i n  preparation of thematic maps, where data 

a re  available,  a r i s e  most of ten from inaccuracies -in locating moving platfo-rms 

from which measurements of the thematic parameters are  made. The use of an a l l -  

weather satel l i te  navigation system €or ships and satellite interrogated buoys 

will. improve t h i s  s i tua t ion  on the open seas. In  the coastal  zones there i s  need 

fo r  more precise shore-based navigational systems. 
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PHYSICAL OCEANOGRAPHY 

The coastal  zone is  characterized by changes i n  water properties that  are 

large i n  magnitude but occur over short t i m e  spans, In  order to  understand the 

area,  many observations i n  limited time and space a r e  necessary; ye t  c r i t i c a l  

observations may be d i f f i c u l t  because of the dangers involved i n  operating ships 

i n  shoal waters, 

Mixing Processes 

There e x i s t s  a most serious need €or a be t te r  understanding of the circula- 

t ion and the processes which control it on the continental shelf .  This informa- 

t ion i s  needed i n  order to  predict  the movements of fisheggs and Larvae and other 

elements of the planktonic f lora  and fauna as well  a s  ehe populations which feed 

on them. It is needed i n  order t o  predict  the a b i l i t y  of the ocean to  accept the 

waste materials: including heat,  which man intentionally o r  unintentionally 

deposits i n  the sea e i ther  d i rec t ly  o r  indirect ly .  

Geologists and those involved i n  coastal  engineering a re  concerned with sedi- 

ment transport ,  del ta  formation of r ivers ,  and w8ve and current forces acting 

i n  the nearshore zone. Forces that  supply and remove material once delivered to  

the sea and tha t  transport  it about a re  not c lear ly  understood. They are  joined 

together i n  complex interact ions between t ida l  currents, wind-driven currents, 

hydraulic river-flow, and wave transport. Furthermore, the mid-depth o r  bottom 

currents i n  the coastal  zone a re  even less understood than the surface currents. 

Considerable in t e re s t  has been generated i n  coastal zone oceanography by the 

biologist  since i t  i s  i n  these zones that  much of the upwelling of deeper nutr ient-  

~~ ~ . __ 

Taken i n  p a r t  from consultant reports by A. C. Duxbury and D. F. Bumpus 
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>' .adem water i s  found tha t  sparks the high productivity of the sea. Eiologists 
1 

are interested i n  discovering the rates a t  which nut r ien ts  are supplied to  the 

,..otic zone from dept5 a d  the mcclianlcms t5at cause t h i s  supply. This same 

process of uptiellizzg a c t s  t o  furnish dense water to the more r e s t r i c t ed  and en- 

closed embayments along a coast and per iodical ly  to  modify t h e i r  flushing char- 

..L 

a c t e r i s t i c s .  This can be a boon to maintaining bottom water qual i ty  i n  embay- 

ments, but i t  can a l so  be a detriment by flushing out valuable inhabitants of  

the bay i n  t h e i r  planktonic stages.  

The physical oceanographer i s  intested i n  the mechanics of those processes 

fundamental. to  phenomena i n  a l l  other  f i e lds  of marine study. Re is a f t e r  an 

understanding of the dynamics of the coastal  zone and how i t  a f f ec t s  the mass 

properties of t h i s  region. Lack of a thorough !mowledge of  coastal  region 

dynamics i s  no doubt the greatest  stumbling block to  a practice of good quanti- 

t a t i ve  science i n  other marine discipl ines .  

An example 05 the corliplexity of the problem i s  shown by Duxbury, e t  al .  

(57, 58, Sg), i n  s tudies  of the Columbia River eff luent  region. The "climalotogical" 

mean conditions i n  t h i s  coastal  zone and the reasons for  changes i n  water 

propert ies  seasonally had to  be delineated. River hydrology; weather, including 

evaporation and precipi ta t ion;  estuary and nearshore environments; physical 

charac te r i s t ics  of the ocean regime, including ambient water features and geostro- 

phic currents;  charac te r i s t ics  of the e f f luent  i n  the ocean; major physical 

phenomena af fec t ing  dispersion of the e f f luent  i n  the sea; and diffusion of 

r i v e r  water i n  the sea a re  some of the i n i t i a l  parameters needed for  t h i s  study. 

Once the qua l i ta t ive  behavior of the region on a large scale  i s  understood, more 

detai led small-scale investigations of short-term variat ions i n  the coastal  zone 

can be conducted. These investigations would involve such parameters a s  currents 

a t  the r ive r  mouths, loca l  changes of s a l i n i t y  and nut r ien ts ,  and t i d a l  period 

t%ons of i s o h d i n e  surfaces. .  
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Such s tudies  point out  t ha t  cons2derabl.e va r i ab i l i t y  ex is t s  i n  nearshore 

water propert ies  a t  and near the sea surface because of the movement of dis-  

similar water types under t i d a l ,  hydraulic, and loca l  wind-driven forces. Short- 

term loca l  changes are dramatic and of a magnitude comparable to  the Longer-term 

seasonal changes, but not of the sane s ize  scale. This means tha t  normal data- 

col lect ing procedure tha t  y ie ld  a single data point a t  each geographic location 

with a t i m e  separation between each point should not be used to  produce d i s t r i -  

bution fields tha t  are t reated as synoptic. The region is too act ive and too 

variable.  In f ac t  f i e l d  s tudies  have shown that a vessel  cannot cover t h i s  

coastal  zone taking data a t  a rapid enough pace to  yield a sensible synoptic 

picture  of the region. Other methods must be employed. 

Needs - A t  present, major needs for  understanding the physical regime a re  

easy t o  catalog: 1) Surface wind veloci ty  measurements over the region tha t  can 

be averaged over varying t i m e  increments t o  determine surface wind s t r e s s  compo- 

- nents; 2) Surface temperature dis t r ibut ion and t h e i r  changes with t i m e  so tha t  

changes predicted by numerical models may be checked; 3) Measurements of surface 

carrents  over a large area tha t  are  nonit-orecl over t i m e ,  so that the t i m e  re- 

sponse of currents to  changing wind stress can be judged; 4 )  Incoming radiation, 

e f fec t ive  back radiat ion,  and evaporation measurements t o  es tab l i sh  heat budgets 

and determine the Contribution of advection. radiation, and evaporatj-on t o  the 

observed loca l  changes i n  temperature; S )  Changes i n  s a l i n i t y  xdiich are necessary 

for determining mass f i e l d  changes. 

I f  t h i s  data were synoptic and repeated i n  time, i t  would be possible to  

determine the surface current f i e l d  with i t s  divergences and convergences I e s t i -  

mates of upwelling from continuity,  transport of various chemical parameters: ' 

~ and t h e i r  changes i n  time. In  some instances, t i d a l  contribution to  the flow may 

be detectable,  and the zone of influence of hydraulic flow from r ivers  may be 

delineated. Conventional techniques using ships or buoy-mounted meters for  these 
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suremento are not feasible  because of the doverage required. Conventional 

~ e ~ ~ ~ ~ ~ ~ ~ ~ t s  are useful,  hm~rever, i n  tha t  they can be made at  a few locations 

as g ~ ~ ~ ~ ~ M t ~ t ~  measurements t o  provide continuity i n  measurements between the 

dsscrete measurements made by a remote sensor array.  

SpartLaf and tempore . requtrements - The frequency of measurement and the 

detail of spa t i a l  d i s t r ibu t ion  required t o  study the coastal  zone under considera- 

t ion  depend on what is desired. Semi-monthly in te rva ls  and resolution such tha t  

lues  over areas l / 2  m i l e  square are suf f ic ien t  to  determine the g'CLima- 

tological" mean patterns.  If changes having periods of a t ide  cycle are desired, 

a t i m e  increment of 90 minutes between successive sampling with average values 

over about l / 8  m i l e  square i s  required. 

A p rac t i ca l  scale of investigations ex i s t s  between these two extremes and 

resents  the typical t i m e  scale over which wind pat terns  may change suf f ic i -  

ent ly  to a l ter  the local wind-driven circulat ion.  A t  this scale ,  dai ly  o r  b ida i ly  

observations a re  required, with a resolution of surface averages over 1/4 mile 

square. Zleasurements would have to  be continuous for a period of t i m e  and would 

not  be dependent on time of day. 

y t i c a l  requirements - For use i n  calculating the dynamics of coastal  

e ra ture  and s a l i n i t y  measurements w i l l  probably suf f ice  a t  an accur- 

acy of b . B l " C  and 'd- 0.01 O/oo, respectively,  over the range of -2OC to  32OC and 

0 to  40 o/oe. Current ve loc i t ies  may range up to  4 meters/sec i n  coastal  areas; 

s desirable tha t  they be measured a t  speeds down to  a few tenths of 

a cmjaee ( 5 9 ) .  A l l  3 parameters can now be measured continuously by -- i n  s i t u  

sors suspended from ships or  attached t o  buoys. These can be used to  provide 

~ ~ ~ ~ ~ d ~ ~ ~ u t h  data for evaluating remote sensors. 

nce the more rapid the coverage, the more synoptic the 

ing techniques hold some promise fo r  studying the physical 

9 zone environment. Although present remote techniques are 
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l imited i n  tha t  they primarily monitor surface conditions only, they can be useful 

i n  obtaining pat terns  of gross changes not otheswise available.  

% Of those measurements most needed i n  physical oceanography, temperature 

appears t o  be the eas ies t  t o  sense remotely. Instrumentation €or remotely sensing 

surface temperatures i s  available and i n  use. Remote sensing of s a l i n i t y  has not 

been accomplished but is of urgent need. As for  a s  is  known, surface wind 

measurements have not been made remotely. However there i s  a poss ib i l i t y  of using 

a scatterometer of some type tha t  senses changes i n  roughness of the sea surface 

and or ientat ion of the waves,to i n f e r  qua l i ta t ive ly  the local  surface wind. 

This type of measurement may be more sa t i s fac tory  than the present method of 

determining surface wind f i e l d s  from pressure isobars tha t  a re  based more on 

ar t is t ic  l icense than on d a t a  i n  the region considered. 

Estimates 0 4  the incoming and outgoing radiation balance can be measured 

- r e l a t ive ly  simply from a remote sansor array,  provided cloud cover can be com- 

pensated for.  Currents a t  the sea surface have not been measured from a remote 

position. Physical phenomena such as therma 1 fronts  associated with veloci ty  
.c 

' shear boundaries can be used to  delimit the edge of a current,  but they do not 

y ie ld  the magnitude or  direct ion or' flow. It should be possible tof loa t  inex- 

pensive t a rge t s  i n  a paEtern tha t  would be sensed for  posit ion on successive 

passes of a remote sensor. Stepwise tracking of individual ta rge ts  through space 

using the o r i g h a l  pat tern as an a i d  would allow displacement of a ta rge t  per 

time between observations to  be used to develop the current fj-eld. 

Useful ground/satel l i te  experiments - An example of a use€ul ground experi- 

ment i n  conjunction with a space satel l i te  (Nimbus) i s  one attempted a t  Woods 

Hole which f a i l ed  for several  reasons but which should be repeated. The Nimbus 

Satell i te has the Interogation Recording Location Subsystem (IRIS) capabili ty.  

The plan -c~as to successively f i e l d  three drogued I?&S buoys a t  the Locus of the 

haddock spawning i n  Geovges Bank a t  2-3 week in te rva ls ,  t o  track them over a 
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l. months, and to  sample the haddock egg 

g buoys from t i m e  to  t h e  to  

and l a rva l  population i n  

gain insighl: i n to  the 

f said juvenile population. Similarly,  any satell i te 

ing ~ ~ ~ @ r ~ g a t ~ ~ n  capabi l i t i es  could be used to monitor "talking" d r i f t  buoys 

of studying coastal. current pat terns .  

erfmernt by which the t i d a l  and secular horizontal  motions over 

the continental  shelf  might be defined is possible. During each of 

the s ~ ~ s ~ ~ ~ ,  su i t e s  of self-recording current meters would be moored i n  sections 

across the continental. shelf  (3 current meters to a s ta t ion ,  3-5 s t a t ions  to a 

section) for periods of a week on a quarterly basis.  The sections might be a t  

0 m i l e  in te rva ls  except where the toppgrapljy, estuarine e f f luent ,  ocean 

t m s i o n  and local  invest igator 's  research requirements suggest. These 

surements would be supported by wind measurements a t  each end of the section 

and by thermographs paired with the current meters. Temperature-salinity sections 

uld be made when each section i s  'Laid and again a s  i t  is recovered so t ha t  the 

dvected can be ident i f ied.  While i t  i s  recognized tha t  current records 

, of one lunar period (29 clays) is the I i l t i m t e  choice, an intolerable  loss of 

n t  and data is  ant ic ipated a t  the present time with t h i s  method i n  t i d a l  

as 100% recoven  of equipment and data can be ant ic ipated i f  current 

ored fo r  a week at a t i m e .  I4aximun success can be gained using sub- 

and sonic releases.  me wind measurements a t  the outer  end of the 

ec t i sns  would have to be obtained from surface buoys. 

ts s f  t h i s  experiment would then be compared with temperature and imagery 

btacined by EMIS-A d: B obtained a t  the sane time and place. This would pro- 

means of eva uating the s u i t a b i l i t y  of satellites fo r  studying the currents 

xing processes of coastal  waters. 



Air-Sea Interactions 

In addition to  t h e i r  use i n  water mixing problems, remotely sensed temperature 

and sea s t a t e  are a l so  appf.icable to  the study of heat ani! moisture f lux across 

the air-sea interface i n  coastal  regions. However these s tudies  along with those 

related to sea-ice conditions are of equal importance t o  the open ocean invtron- 

ment and have been extensively reported on elsewhere (60). Those related t o  

me t eorolog i ca 1 problems fo 1 low. 

Coastal Zone Meteorology (COZMET) 

Meteorology is  divided in to  many sub-disciplines. These divisions may be on 

a sensor basis  - i . e .  radar and s a t e l l i t e  meteorology -, on a Latitudinal b a i s  - 
i.e. t ropical  and polar meteorology -, on a ve r t i ca l  basis .. i .e.  continental and 

marine meteorology -, etc .  Unfortunately, Coastal Zone 14eteorology(COZMET) does 

not ex is t  per se as a sub-discipline. unfortunately, because many of the lakge 

population centers of the world are close enough t o  coasts to have t h e i r  * 

atmospheric environment and t h e i r  e f f ec t  on the  environment (in terms of j * . :  

_I pollution and ecological balances) s ignif icant ly  affected hy the proximity of the 

" 

ocean. 

One would expect that the advances that are  being and w i l l  be made i n  the 

many sub-disciplines of meteorology w i l l  also improve our knowledge of COZMET. 

Such expectations have a basis ,  but ehe current p r i o r i t i e s  of the national 

meteorological community - preoccupations both i n  ta len t  and resources with Long- 

term prediction - precludes the rapid generation of basic knowledge i n  COZMEIT.. 

This preoccupation has been expressly s ta ted in  one sub-discipline of meteomlogy 

tha t  o f f e r s  a tremendous potent ia l  fo r  the yet to emerge COZIET. This  p r ~ c c u p a -  

t ion  has been expressly s ta ted  i n  one sub-discipline of meteorology that  offers 

Taken i n  pa r t  from nene V. Corder  consultant 's  report. 
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tentisol for  the yet  to  emergy COZEET meteorologist - tha t  sub- 

lite meteorology. Quoting, s2Emphasis w i l l  be placed upon the 

eat to acquire data on a global basis for large scale weather analysis  

s t ing.  e * g 9  (61). 

Thus, those with coastal  zone in t e re s t s  should not wait for  the meteorological 

s a t a l l t t e  community to acquiesce to  the i r  needs, but should make maximum use of 

$ty afforded by the EETS system. This system can not only improve 

t ~ n ~ ~ ~ g  of CQZMET., but a l so  of other  coastal  zone processes - oceanographic, 

i ~ ~ ~ ~ ~ ~ a ~ ,  chemlcal, and geological - which are intimately linked t o  and de- 

t 0x1 the meteorology of a coastal  region. 

l i t es  o f fe r  a tremendous and h i ther to  unused potent ia l  toward the under- 

g of coastal  zone processes because t h e i r  measurements a re  not limited 

and often-times unrepresentative point observations but can provide 

ample of measurements 2rom an area with differ ing degrees of 

, spa t i a l  and temporal resolution. 

The ERTS A has the potent ia l  to  maice the measurements w2th the spa t i a l  reso- 

on necessary F the development of be t te r  knovlledge of the complex mesoscale 

rocesses found i n  coastal  zones processes which for example are 

b l e  f ~ r  the d is t r ibu t ion  or inhibi t ion thereof of atmospheric pollu- 

eds s i n  COZIaT - The major problems of COZWT a re  t i ed  to our 

derstasading of not only air-sea and air-land exchange processes but 

e drast ic  changes tha t  take place in  these processes a t  the coastal  

e re  an abrupt discontinuity ex i s t s  i n  terms of both the thermal and 

pe r t i e s  sf the interface,  and occasionally i n  terms of rapid changes 

8 well. To t h i s  a r e  added the complexties caused by the 

a1 cykles of solar  insolation. Diurnally, because of the re- 

inertias of land and water, large and rapid drops 
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of land temperatures occur, whereas ocean temperatures remain r e l a t ive ly  constant. 

Seasonally, coastal  zone a i r  masses are warmer than land a i r  masses i n  winter 

cooler i n  summer; a l so ,  land surfaces may seasonally change t h e i r  roughness pro- 

per t ies .  
? 

These complex temporal changes i n  thermal and/or roughness properties in con- 

junction with spa t i a l  changes i n  coastal  zone elevations and poten t ia l  advertent 

and inadvertent, man-made land-use changes, can cause unique whd ,  temperature, 

and possibly precipi ta t ion d is t r ibu t ion  pat terns  i n  coastal  zones (62). Patterns 

which d i f f e r  markedly from those found inland o r  i n  purely maritime environments. 

One needs only to  be familiar with the winter climate discontinuity tha t  

exists between inland GJilliamsburg and coastal  Norfolk, Virginia, 30 m i l e s  away, 

to grasp the points above. 

The above discussion has linked the "problemso' of COZIBT to  the lack of' 

understanding of basic processes, but so gar has skirted the central  issue - 
specif ical ly ,  what a re  the basic problems and needs of COZMET. 

The basic problem is the current i nab i l i t y  to pred ic t  the complex 
wind, temperature and (possfbly) precipi ta t ion pat terns  tha t  are 
unig_ue t o  coastal  zones. 

The solution to t h i s  problem w i l l  require a two-pronged at tack;  one of which 

can be materially ass i s ted  by the ERTS system. This one a t tack  ~ 5 1 1  be the acqui- 

s i t i o n  of more data on the spa t i a l  and temporal d i s t r ibu t ion  of parameters such as 

a i r  and sea surface temperatures, albedos of d i f fe ren t  te r ra ins  under d i f fe ren t  

conditions of vegetation, ocean currents,  and cloudiness. The other  a t tack 

be the use of such data by researchers as Inputs necessary for  the d e ~ e l o p m ~ ~ t  

and ver i f ica t ion  of numerical (computer) envfronmental prediction models designed 

for both a rb i t r a ry  and par t icu lar  coastal  zones. The development of such models 

which are based on the integration of both the meteorologinal and oceanographic 

themhydrodynamic equations, is presently b e h g  held back by the lack of such 

data. One cannot hope tha t  the fs?XI'S system will suppfj? a11 of the required data, 
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de some of the required data inputs. 

The above ronged at tack i s  an ambitious undertaking and will require 

inmy years of dat gatRering and basic and applied research. The question tha t  

neeas to be asked is ich spec i f ic  problem of aOZMET, i f  any, is  most amenable 

to  ssEutisaPas d %I% t h i s  c l b a t e  of f i s c a l  aus te r i ty ,  comes within the context 

f ~ ~ t ~ ~ ~ ~ s ~ e d  national p r i o r i t i e s .  

dished stfact. of l i fe"  of COZMEX, the qual i ta t ively well-known sea 

d breeze coastal  wind circulat ion system, f i t s  the above c r i t e r i a .  We 

degree of understanding of t h i s  phenomenon, i t  is most amenable t o  

~ d ~ ~ ~ ~ ~ ~ ,  and i s  extremely important fo r  tlie dispersion of pol lutants  i n  coastal  

The ERTS system can provide measuraents which wil l .  lead to  a be t t e r  under- 

ding and Fqroved prediction capabili ty €or t h i s  wind system. Such understanding 

select ive afdedo changes of land surfaces lead to the eventual 

~ d ~ f ~ ~ a t ~ o n  and control of the phenomenon and i ts  attendant r a in fa l l .  

uremewks required to  sa t i s fy  needs - S a t e l l i t e s  can through passive 

1 radiometer sens g measure a number of meteorological and oceanographic parameters 

& could lead not only to  a be t t e r  understanding of seahand 

so to  other  COZIBT processes as well. 

study of the sea/land breeze, tlie ERTS system would desirably provide 

flowing parameters with horizontal  resolutions of the order 

f P  r l e s s  (resolutions which a r e  not i n  being o r  planned for  the 

t e l l i t e  System): 

ref lected sunlight in tile v i s ib l e  spectrum) of 
d i f fe ren t  vegetation conditions (different  sea- 
summer), during dry and following rainy periods, 

evation angles (different  times of day). 
made along coasts wFth d i f fe ren t  types of 
and te r ra in  elevations. 
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2. Sea Surface Temjerarures using 12 sensing i n  the atmosphric win 
centered about 10 microns. Neasttrements need be made once a day pre- 
ferably a t  the time of minimum cloudiness to  reduce the potent ia l  claud 
contaminatton of such measurements; although t h i s  w i l l  be much l e s s  of 
a problem with the ERTS system (than with the National PIeteoroZogLcaf 
System) because of its high spa t i a l  resolution. Such measurements 
should be made €or extended periods during each season with emphasis 
on summer. and also following periods or' unusual meteorological condi- 
t ions.  

3. Land Surface Temperatures a l so  using IT,  sensing i n  the 10 micron 
window. These need be made more often than once a day, with a mlnhutn 
of two measurements per day - one at mid-day and the-other  a t  mid- 
night. Should be made for extended periods of time during each season 
with emphasis on summer, and during dry and following wet spells. 
Coasts ni th  d i f fe r ing  sot1 s/ rocks / terrain/vege tat %on/ fo re st eanop ies/ 
and elevations should be sanlpled. 

4. Cloud Cover using high resolution imagery i n  the v i s ib l e  spectrum 
(ref lected sunlight, moonlight o r  s t a r l i gh t ) ,  and high resolution IR 
sensing i n  the LO micron window. These two iueasurements should enable 
the determination of both the horizontal dis t r ibut ion and height 01 
clouds within the coastal  zone. Continuous observations or' these para- 
meters tjould be preferable;  but as a minimum, 4 'observations per day 
with some emphasis for the daylight hours i s  required. Should be made 
€or extended periods of time each season wit11 emphasis on summer. 

d 

3, Heat Fluxes. Consideration should be given to  measuring land and 
sea surface temperatures using a 'tw2ndowt: wave length longer than i n  
the In, such a s  h the microwave. Radiation at this wavelength emanates 
€ram a somewhat Lower leve l  i n  the soi l  o r  water, possessing a somewhat 
different  tempeyature meas~zrements i n  conjunction wFth the IR determined 
temperature, might be conceivably used to determine sensible heat fluxes 
over land and ocean. The f eas ib i l i t y  of t h i s  concept has however to  my 
knowledge: not yet $een demonstrated. A aiicrowave window ueasurement 
would a l s o  be of value t o  determine surface t e  
of clouds. 

matures i n  the presence 

Ground t ru th  Experiments - A l l  f ive parameters mention above w i l l .  require 

"ground t ru th  calibrations" before s a t e l l i t e  determinations of them can be re 

ably used €or COZMET diagnoses o r  prognoses. Ground t ru th  experiments can be 

ducted for the first four of khe parameters albedo, 5ea surface t e  

land surface temperature, and cloud cover - using data from ERTS A (or ERTS 

E/??, i f  these s a t e l l i t e s  car-ry sensors similar t o  ZRTS A.)  The fifth parameter 

heat fluxes - would reqv.ire microwave radiometry on EP,TS E/F. 

The following nuubered paragraphs will briefly describe possible ground 

esiments for each of these parameters. 
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1. h%bedo: kf rc ra  FI measurements of t h i s  property using sensors iden t i c a l  
to those flown on the s a t e l l i t e s  should be made a t  var-rying a l t i t u d e s  and 
solar elevation angles and compared with simultaneous ERTS measurements. 
Differences i n  these measurements, i f  aiiy, could theii be re la ted  to a l t i -  
tude and/or solar elevation angle i n  order t o  es tab l i sh  "cal ibrat ion 
curvesqD. It would also be desirable to r e l a t e  the albedo of a r'orest 
c%6LIopy as measured by ERTS t o  the short-wave radiation blance within the 
canopy %tseEf. 

2, ___L.- Sea Supfa 
from IIh radiometry is  dependent upon knowledge of the elnissivity of the  

The deterrainatLon of sea surface temperature 

ocean a u r h c e  and the amount of water vapor and carbon dioxide between 
the water surface and the sensor. Although i t  i s  widely assumed tha t  
water has an emissivity of l , O  i n  the infrared. i t  has been polnted out 
(69) that  (based on Laboratory measurements) t h i s  assumption may be grossly 
in error, especially €or measurements made a t  oblique angles to the water 
surface. The emissivity of water may also be affected by the presnce of 
srrxface of2 ff'hms, s a l i n i t y ,  and roughness (67). For these reasons, ground 
t ru th  measurements for sea surface temperacure should consist of measuring, 
1) the vertfeerl dis t r ibu t ion  of water vapor and carbon dioxide over a t e s t  
area; 2) ehe amount of surface oil present,  3) s a l i n i t y  of surface waters, 
4) sea state wi th  a photographic record thereof, and 5) skin tenperatures 
using near surface radiometer measurements. These measurements should be 
re lated to  the stmultaaeous 10 micron measurement made by the EPZS system 
a t  d i f fe r ing  angles to  the ocean surface. 

3, , Like water sur.Zaces, &e II: eniss iv i ty  of 
ce less than 1.0 and may depend on a number of 
factors.  Over non-forested vegetated country, the emissivity will be re- 
lated ts the crystallographic s t ructure  o €  the surface s o i l  or rocks; and 
within forested areas ,  the ; 'ef2ective emissivity" .(iI capable of def ini-  
t ion),  Ps eamplex and poorly understood; Thus unique grourzd truth measure- 
ments need to be made with regards to land surface temperatures. I n  non- 
forested areas, the  temperature of the top m i l l i m e t e r s  of d i f fe ren t  s o i l s  
need to be measured and correlated with ERTS determined temperatures 
(corrected far atmospheric water vapor and carbon dioxide absorption and 
cloud contamination). These correlat ions should be made with satel l i te  
measuremwts taken a t  different  angles to  the s o i l  surface. Over forested 
areas,  Lhe rfsurfacet* temperatures determined by EmS should be re la ted  to  
measured ac tua l  values s f  surface temperature made within the forest 

4. Cloud Cover. The horizontal  (high spa t i a l )  and v e r t i c a l  d i s t r ibu t ion  
of clouds as measured by EZTS need to be correlated with sirmiltaneous 
ground-based and a i r c r a f t  measurements of the same clouds. 

5 .  B e s t  Flvxes: The f e a s i b i l i t y  of the determination of heat f luxes using 
sat@lfi%e joint sensing in IR and microwave regions as previously outlined 

s riot been proven. n u s ,  the first ground t ru th  experiments tha t  needs 
616 be conducted i o  the correlat ion of satel l i te  determined heat f luxes 
mmsured over oceans and homogeneous non-vegetated land areas with con- 
ventiiclnal heat flux measurements c?ncursenrly made over these areas. 
AssumWg tha t  such groun truth measurements prove the f e a s i b i l i t y  of t h i s  
technkjue: other ground truth experiments could be planned re la t ing  
sate%%ita aeasurements taken over more complex non-homogeneous land surfaces 
to heat flux measurement deterdraed i n  s i t u .  -- 

b 

b 
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International Decade of Ocean Exploration 

The International Decade of Ocean Exploration (IDOE) for  the '19710s w a s  

proposed by the President of the United States  i n  FBrch 1968. The Nationa 

on Marine Resource6 and Engineering Development invited the National Academy of 

Sciences and the National Academy of Engineering to  study the goals and overal 

implications of such a program. The product of subsequent meetings and workshops 

was the report ,  "An Oceanic Quest*' (5). Included i n  i t s  overal l  recommendation 

concerning the scope of the IDOE was the suggestion tha t  such programs funded by 

the  United S ta tes  Government should be coordinated through an interagency group. 

The management of the International Decade of Ocean Exploration (ICOE) has 

since been assigned to  the National Science Foundation. This sgency has published 

the long range goals of the IDOE i n  i t s  notice #29 i n  July 1970. These major 

goals are:  

1. to  increase opportunities €or international sharing of responsibi l i t ies  
and costs  €or ocean exploration and to assure more equitable use of 
limited resources. 

2. t o  begin long-range e f f o r t s  t o  protect the marine environment by 
accelerating sc i en t i f i c  observation of the natural  s t a t e  of the 
ocean and its interact ions with the continental margins. 

3. t o  develop and improve an ocean forecasting and monitoring system, 
t o  f a c i l i t a t e  prediction 02 oceanographfc and atmospheric condi- 
t ions,  and to  reduce hazards to  l i f e  an3 property and permit more 
effect ive use of marine resources; 

4. t o  expand seabed assessment a c t i v l t i e s j  t o  rovide sc i en t i f i c  infor- 
mation needed to permft be t t e r  manageuent of ocean mineral e 
t ion and u t i l i za t ion ,  

5 .  t o  improve worldwide oceanographic data exchange. 

The present: policy regarding the i n i t i a t i o n  of the IDOE 

is the so l i c i t a t ion  of proposals from ins t i tu t ions  o r  organizations to e 

topics of broad national o r  ~ n t @ ~ a t % o ~ ~ l  significance a 

goals. A8 of hlugust 1970 

Hawever 

no funds had ye t  been appropriated t o  the 

the IDOE administrative of f ice  has indicated an ant%cfpated $159 
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%n ~~~~~~~ for the fPscal year beginning Yuly 1970. This amount of money Would 

o%%m only 8 Zbiteed X R U B ~ ~ K  of contracts t o  be awarded i n  view of the scope de- 

sired i n  th%a program, The proposals for the ffrst se r i e s  of awards a re  t o  be 

received by October 1, 19'30. They are then to  be reviewed and assigned p r i o r i t i e s  

for femding fn 1991. ESP has iaddctated an emphasis w i l l  be placed on three major 

themes for the 1971. awards. In each of these, the rapid ava i l ab i l i t y  and access- 

f data an.$ imrerco%fbration of instruments w i l l  be stressed: 

I, ~ ~ v ~ ~ ~ ~ ~ @ ~ ~ ~ ~  quality, Studies t o  provide comprehensive "baselinestq 
sf the chemical and bfoPoglca1 characterPstlcs of the .ent i re  ocean 
with par t icu lar  application to  pollution monitoring and control;  

2. Eavfrcmmentaiajl forecasting, Studies with emphasis on modeling and 
ocaan3.c variabikfty, air-sea interact ion,  upwelling and the flow of 
energy, nutr ients ,  and other substances through the food web. 

3. Seabed assessment, Studies with enphasis on the topography. s t ructure ,  
%ad dynamic propert ies  of the continental margin and deep ocean f loor  
Pncladfng the general character and stratigraphy of ocean sediments. 

It is apparent that ERTS A i: B and future ear th  resource oriented s a t e l l i t e s  

could i n  varydng degrees be d i rec t ly  applicable to  each of the above l i s t e d  p r i -  

ty areas that PDOE has established. Environmental forecasting would appear to 

romfsing area of direct application of present s a t e l l i t e s  sensory 

ipmeaf: for the study of afr-sea tnteraction, sea s t a t e ,  and application to 

weather patterns and predictions of broad scope. The relat ionship of ERTS in sea 

bed assessment X . S Q U ~ ~  be limited to  the nore shallow regions of the coastal zone 

regfons, excluding completely any studles of the deep ocean floor. There are 

seweral ~ ~ ~ $ ~ ~ ~ ~ ~ , ~ ~ ~ ~  5n the application of ERTS to  environmental qua l i ty  invest i -  

gations ehst are discussed in t h i s  report  under f isher ies .  

The global mapping of productive areas of the wor d oceans and coastal  regions, 

hdicat iag  patterns of concentration, seasonal f luctuation, and overall productiv- 

ity muPd be both feasible  and of signiffcant value. There would be apparently 

1Lfttl.e usefuP applhcs t im of the ERTS program fn the monitoring of pollution 
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i n  marine waters o r  the fundamental analysis of water €or cherui.cal or b i o t i c  c 

position. This still  requires an extensive e f f o r t  from ships of opportunity t 

would be avai lable  for  extensive sampling of the world seas, 
' 

To date the NSF-IDOE administrative o f f i ce  had indicated tha t  no overtures 

have been made by NASA o f f i c i a l s  to  encourage the application of the ERTS program 

t o  the IDOE. On 26 August 1970 Mr. John R. T w i s s ,  Special Assistant t o  the 

Director for  the INE, indicated tha t  there were no committees functioning be- 

tween IDOE and the Global Atmospheric 'Rsearch Program (GARP). nor was there any 

communication from the various world organizations of the United Nations about 

s a t e l l i t e  usage i n  ICOE. He  i.ndicated the only way s a t e l l i t e s  would be brought 

i n t o  the IBOE program, as i t  presently stands, would be through the acceptance 

of proposals t ha t  spec i f ica l ly  indicated the use of EXTS o r  other  s a t e l l i t e  

systems. NSP has also indicated a preference to  proposals of such broad scope 

~ t ha t  they transcend national boundaries and represent j o in t  e f f o r t s  from repre- 

sentat ives  of the internat ional  community. There i s  also an emphasis placed on 

the benefi ts  tha t  may be derived from the r e s u l t s  of IEOE programs t o  the in te r -  

national community and especially to  developing countries i n  the use of oceanic 

resources. It i s  d i f f i c u l t  t o  ascer ta in  a t  t h i s  t i m e  i f  these l imitat ions w % l 1  

be a factor  i n  the development of ERTS re la ted  proposals submitted and those 

approved tha t  would be of internat ional  significance t o  demand 8 high pr ior i ty .  

It € s  also apparent tha t  the present s t a tus  of the IDC)E i s  i n  a forurulative stage 

of establishing the direct ion and management of long t e r m  programs. This phi1 

phy may change i n  the current decade regarding management, funding, and 

recommended emphasis.. N o  doubt there would have been numerous advantages i n  

I 
having the IDOE program located under the National Oceanic and Atmspheric Ad- 

ministration (MOA4). More closely coordinated er'forts would possibly be aceorn- 

plished i n  t h i s  organization concerning problems of broad national and in te r -  

national scope. This i s  especial ly  t r u e  regarding the multiple ocean-oriented 



fntereslrs of the par th ipa t i r ig  agencies in  NOAA: The Environmental Science 

S e r ~ % e e s  Addn%strat%on (ESSA), the Bureau of %mer ica l  Fisheries,  the National 

t a  Buoy Devc~opment Program, National Oceanographic Data Center and the 

%tionaB Oceanographic Ins t mmen t a  t ion Center . 

l<E C9MbENMT IONS 

I. A review of the major problems i n  coastal  zone oceanography indicates a 

c o m n  need f a r  mre physical data of the water system. This represents the major 

pr ior i ty  of the coastal  zone community. Xn€ormtion is  needed on water c i rculat ion,  

current patterns, and the temporal var ia t ions associated with these phenomena. 

Local and synoptic regional temperature and s a l i n i t y  data, plus the interact ions 

t e s  t o  the shoreline and shelf area,  have application t o  biological,  

chemical, and geological coastal  studies.  

2. It: is also recognized tha t  many of the problems associated with f i sher ies  

biology, chemiczrlaalysis, and pollution, require extensive i n  s i t u  sampling not 

applicable to  remote sensing. !<owever, each or' these areas require supportive 

information from the physical parameters. It i s  i n  the area of Physical Oceano- 

graphy that  the EZTS sensor) capabi l i t i es  appear to be most applicable i n  the 

coastal zone* 

-- 

3, A report  developed by a special  working committee of the Intergovernmental 

Oceanic Com5-ssion (UNESCO) supports a more concerned e f fo r t  i n  the physical 

aspects of oceanography. 

n ad-hoc non-governmental internat ional  ocean engineering working 

that m e t  a t  the Sixth Session of the I O C  i n  1369. Their recommendations 

contain 8 number 05 ideas which emphasize the present discussion. They wished to 

po%nt out the need by engineers fo r  large aniounts of r e l i ab le  data from 

sc i en t i f i c  research i n  oceanography. Their suggestions were made i n  four areas  of 

In te res t .  The  Tolfaswing sections A .  B,  C, and D ,  have been talcen, i n  par t ,  or  

total ly  f r o m  t h i s  report  (22) .  
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A. Surface waves. :It was siigzested tha t  high p r io r i ty  be given to: 

I ' l .  Collection of more measured wave data, especially i n  the 
spectral  form, with more coversze of coastal  areas;  

"2. Development of be t t e r  contact between the supply and de- 
mand f o r  wave data.  especially with regard to  in2ormation fo r  
d i s tan t  o r  special  areas;  

"3. Comparative evaluation of visual  measured and forecast 
wave data." 

B. Wastes and Pollution. In addition and complementary to  the e f f o r t  on 

long-term larger  scale processes recommended by tbe IQC working group the engineers 

suggest research and exploration on short-term smaller scale processes which would 

include : 

"1. Continuous monitoring of appropriate parameters to determine 
for  wastes management systems and  t h e i r  environment: 

(a) the functional effectiveness Q E  the exis t ing designs, 
( I t )  a basis for  2uuure design, 
( c )  base l i n e  information to  determine the long-term and 

short-term ecology at tile local environment, itx in- 
terrelat ionship wi th  wastes sys;ems as well as the 
loi1,o-tex-m large scale  global  oceariic processes, 

"2. This monitoring should be primarily i n  the coastal  zone 
regions 05; multination concern," 

"Appropriate parameters include indicators  of natural  local  upwelling, local  

and t h e i r  spa t i a l  and temporal va r i ab i l i t y .  Details of mixing processes 

primarily i n  the local  area and secondartly i n  the global ocean: a l s o  in-  

surface currents,  loca l  tenlperacure and densLty d is t r ibu t ion ,  biological pro- 
cesses 
and other mechanical processes (such as  "s1icIcs") a r e  0 2  importance. The para- 
meters 
clude indicators  of physical, chemical, and biological processes and e f f ec t s  which 
are e i the r  created or modi'iecl by the existence of the wastes systems. 

"Coordination i s  necessary to ensure tha t  a l l  of the data obtained i n  the 
monitoring e f f o r t  is mutually compatible. I '  

I:. Sea and Shore Inreraction. 

"The interact ion between the sea and land Q C C U ~ S  i n  many instances 
where some portion of the land consis ts  of niovabie material. This 
interact ion i s  governed by the motion oE the water of the sea and the 
charac te r i s t ics  of rhe movable na t e r i a l  as suspended and o r  bed load. 

"To predict  t h i s  movement, the f ive  gollowing phenomena a re  of 
importance : 
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O i l -  FJaves. 

"2. Currents generated by: 

a. Tides 
b. Storm surges and- tsunamis 
c. Met transport  of water due to waves; resul t ing i n  

d. Wind s t resses .  
longshore and r i p  currents 

"The movement of material  takes place under a combined influence of waves 
and currents. This important phenonienon is  a process not well understood. Detailed 
knowledge 02 t h i s  phenomenon is required i n  order t o  be sb le  to  predict  transports 
i n  magnitude and direct ion varying with the t i m e ,  especially in  the v i c in i ty  of 
shipping channels which have t o  be dredged and maintained. In t h i s  case an over- 
a l l  knowledge of the resu l tan t  l i t t o r a l  dr?'.ft which i s  obtained from a study of 
case h i s to r i e s  of changes of the coastl ine i s  not sugficient.  

scln t h i s  respect the development o f  the coastal  p ro f i l e  which has a very i m -  
portant: influence on possible erosion or accretion 02 the coast has to  be studied. 
Also the development, maintenance and nourishment of a r t i f i c a l  beaches, pa r t ly  

ro tec t  coasts,  par t ly  t o  serve recreation resources has to  be mentioned here. 

"Changes i n  r e l a t ive  leve ls  between sea and land which a re  of equal importance 
a re  those tha t  result: from tectonic  movement associate? with earthquakes, iso- 
s t a t i c  changes, and extraction of o i l  and gas. These phenomena have agreat bearing 
with respect t o  engineering projects.  

"It i s  suggested that: s tudies  o€ the above mentioned phenomena: as typical  
examples of the need of engineers, areincorporated i n  the program of the proposed 
decade . 

"It should be s t ressed t1iat i t  i s  sc i en t i f i ca l ly  impossible to distinguish 
sharply between "coastal engineering" and "near-shore oceanography" I since the 
underlying hydrodynamic pr inciples  a re  the sane." 

Sear Eed Contiitions 

srThere i s  a growing in t e re s t  i n  the u t i l i z a t i o n  01 the sea bed. In  the near 
future f o r  technological reasons the in t e re s t  w i l l  have to  concentrate on less 
deep water, i.e. the emphasis with respect to  sea bed conditions w i l l  be on the 

phic continental shelf .  

9ecause  of the ever explanding need of a l l  countries for r a w  macerial, such 
as sand, and the need fo r  data required f o r  economical designs, sea bed invest i -  
gations should be stimulated to  f a c i l i t a t e  future u t i l i z a t i o n  i n  t h i s  area,  

important uses of or operations on che sea bed are: 

psE. Mineral resources (sand, gravel phosphorites. e tc .  ) . 
s*2. Pipe laying, dredging and trenching operations. 
8f3, Design and construction 02 foundaeions of offshore s t ructures .  
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'IIn order t o  obtain adequate informt ion  regarding the above items, the 
following w i l l  be required: 

"1. Sounding and scanning the sea bottom i n  continuous prof i le  t o  obtain 
suf f ic ien t  d e t a i l s  of the sea bottom topography; €or instance, for  pipe layout 
and ins ta l la t ion .  

"2. Strata-prof i l ing to give information of s t ra t igraphic  var ia t ions.  
"3. Dril l ing and sampling at  properly spaced gr id  points with the determina- 

t ion ( in  s i t u  o r  Lsboratory) of important soil /rock properties such as: 

"(a) quant i ta t ive mineral content 
(b) grain s ize  dis t r ibut ion 
(c) density 
(d) p l a s t i c i t y  and l i q u i d  l i m i t s  a s  used i n  s o i l  mechanics 
(e) shear and breaking strengths,  as used i n  s o i l  mechanics 
(3) thixotropy: fox- use  i n  the design of foundations, includ- 

ing ancho-cs, subject to  repe t i t ive  loading 

" 4  %cording of sea bed motions resul t ing from earthquakes." 

4. Ground t ru th  experiments a re  necessary to ca l ibra te  s a t e l l i t e  sensors and 

to correlate  t h e i r  data with actual  conditions a t  the appropriate points near the 

. ea r th ' s  surface. A I 1  of the measurements desired by coastal  zone researchers cannot 

be made from satel l i te-borne sensors. .I f e w  srizzestions have been made i n  the 

preceeding sections of t h i s  report about some oT the measurements which could be 

made near the ea r th ' s  scrface am? froni orbital .  a l t i t udes .  These suggestions are  

made with the goal oE obtaining data to a i d  i n  the solution of our most pressing 

problems of the coastal  zone. 

5 .  In  December 1963 the Genernl Assembly oE the United Nations adopted reso- 

lu t ion  2467 which included the i n i t i a l  statements of the Inter-governmental 

Oceanographic Commission (IOC) t o  ou t l ine  i t s  program. Emphasis w a s  placed on 

coordinated national and internat ional  long term s t u d i e s  of world-wide exploration 

of the oceans and t h e i r  resources, spec i f ica l ly  mentioldng the Internat ional  

Decade of Ocean Exploration as an important par t  of  t h i s  e f fo r t .  the 3OC report 

(23) discusses the s c i e n t i f i c  content of such a program: with d e t a i l  comments on 

* problems of ocean-atmosphere inleuaction, ocean circulat ion va r i ab i l i t y  and 

tsunamis with additional comments on l iving resources pollution, and an hnte- 
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grated global ocean s ta t ion  system. Numerous study areas and pro jec ts  are out l ined 

The most promising aspect of the TOG report tha t  relates to the ERTS program 

concerns obtaining synoptic oceanographic and meteorological observations, e.g. 

in World Weather Vatcli , Global Atmospheric Research Program, and Integrated Global 

Ocean Stat ion System. National application of EXIS sensory data i s  also feasible  

for invest igators  involved i n  various regional s tudies ,  such as with the In te r -  

national Commission for the North-IJest Atlant ic  Fisheries (ICNAP) and i n  planned 

tfons of the Caribbean Sea, Antarctic waters, the llediterranean, etc. 

Greater application 03 the SRTS program to the oceanographic needs of nat ional  

and internat ional  scope could be a t ta ined  by involvenient i n  cer ta in  aspects  i n  

many of these programs. 

6 .  One of the most comprehensive reports ( 6 )  regarding global oceanic research 

repared a t  Ponza i n  1969 by the  Advisory Committee on Harine Eesearch of the 
r 

d and Agricultural  Organization (AC~GIT,~), the Sc ien t i f ic  Committee on Oceanic 

Research (SO2) and the 170orld Keteorlogtcal Orsanization (!TE.;L1). This group 

ident i f ied  conspicuous problems of interdiscipl inary and inte-mational scope, con- 

t ing on four major groups: 

1. Ocean circulat ion and ocean-atmosphere interact ions 
2. 14arine biological prod, Ilction 
3. Marine pollution 
4. Dynamics 02 the ocean floor 

Each of these groups i s  discussed i n  d e t a i l  crith spec i f ic  tasks suggested. 

ReIerence to  t h i s  "PonzaD' report  has  been made several  times i n  t h i s  paper. It 

inion of t h i s  comrniteee t h a t  the Ponza Zeport and the I O C  ou t l ine  (23) 

of fe r  the most complete overviews of the present and future needs of the global 

graphic community. These reports  should be considered i n  more d e t a i l  by 

resentat tves  f o r  a mre comprehensive review of internat ional  presentation, 

rts formulated by the Commission on Marine Science Engineering, and 



Resources (1, 2; 3, 4) provide an excellent coverage of the basic tenets  of 

national e f f o r t  i n  marine science. 

7,  It is  recommended tha t  communications be established between NA 

NSF Director of the International Decade of Oceanographic Exploration t o  discuss 

cooperative e f f o r t s  between the two agencies concerning ERTS and IDOE. There 

would be obvious problems i n  such an e f f o r t  regarding the selection of proposals 

of mutual appl icabi l i ty  and p r io r i ty  rank between the two agencies. Guidelines 

on funding, administrative de t a i l s ,  and the degree of emphasis on national and 

internat ional  e f f o r t s  may a l so  be areas  of mutual concern and possible conf l ic t .  

However: there would be numerous areas of global and national significance, withtn 

the confines of the IDOE program, where ERTS would provide a valuable contribution. 

Once the ro l e  of K T S  can be established i n  the SCOE program, NASA should 

a l e r t  the s c i e n t i f i c  community of the goals of INIE and the poss ib i l i ty  of ERTS 

re lated proposals. To whom, and i n  what sequence, rhese proposals would be sub- 

mitted and evaluated would have t o  be resolved a t  an ear ly  date. 

8 .  Another major problem transends the boundaries of the different  discipl ines  

,represented i n  t h i s  report. Although each sc i en t i f i c  community is enmeshed i n  its 

own par t icu lar  endeavors, a basic need ex i s t s  :€or the en t i r e  program of coast& 

zone research. A system fo r  coastal  zone management is imperative. A management 

program is essent ia l  for the coordination or' numerous programs and In te res t s .  

These include: economic and urban development, cOnsewati.on, recreation, ~ o ~ ~ ~ ~ I Q  

commercial f ishing and shipping, dredging, offshore o i l  and mineral productio 

and shoreline development. 

management recommendations and needs have been prepared by the CQ 

Marine Science, Engineering and Resources (I) and the Hattonal Es 

A review of these different  topics i r n  regard to 
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I' We are fortunate that man, in h i s  haste t o  explore 

the universe, has taken t i m e  to look back a t  the planet 

which has succoured him for so many centuries." (66). 



APPENDIX 
(Langley Task Order) 
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EAEIXX X!3SOUXCZS TECHNOLOGY .SATELLITE: (ERTS) EGF: 
A COIJCEPTUAL STUDS AND REQUIREI.IENTS DEFII?ITIOI? 

FOB AN OCZANOGBAPRIC SATELLITE 

1. C Introduction 

The E E S  E&F electronic  data-return s a t e l l i t e s ,  which a r e  intended t o  follow 

ERTS A&B w i l l  give f i r s t  p r i o r i t y  t o  the needs of the oceanographic community 

and, within t h i s  constraint ,  s a t i s fy  other  Earth observations objectives. ~~'~ 
Langley Research Center has been requested by the Agency to conduct ear ly  invest i -  

gations of the oceanographic needs and experimental objectives and requirements. 

In responding t o  the request, the Center has opted t o  ask members of the oceano- 

graphic community to par t ic ipa te  in  the study e f fo r t .  

2.0 General Guidelines and Constraints 

2 . 1  Specific Oceanographic Considerations 

Foreseeable differences i n  the scope and requirements of oceanographic 

research objectives have prompted a categorization of these objectives in to  two 

broad classes - those associated with open ocean or global coverage and those 

related t o  coastal zone investigations.  The ezfor t  required i n  t h i s  study will 

emphasize the needs of coastal zone oceanography. This w i l l  include., mainly, 

investigations of the events to  the edge of continental shelves. extended where 

desirable t o  include important coastally-influenced phenomena, and inland to the 

points of t i d a l  influence ( in  bays, es tuar ies ,  and r ivers ) .  

2 .2  A Guide'line of National P r i o r i t i e s  

The needs of the oceanographic community i n  coastal  zone o c e ~ ~ o g ~ a p h y  a re  

many, and vary according to par t icu lar  branches of study or ap icatrons. Be 

of t h i s  divers i f icat ion,  d i f f i c u l t i e s  may natural ly  a r i s e  i n  e s t ab l i shhg ,  withln 

the Community, the re la t ive  iqaxtancc of the various needs. It becomes necessa 

dnd desirable therefore i n  considering space-oriented experiments, to  marintai 
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d national p r i o r i t i e s  a s  the primary guideline in assigning 

e ties. Accordingly, the following oceanographic p r i o r i t i e s  w i l l  

p: guideline for  t h i s  study: 

I. Pollution 

2. Fisher ies  (IIFood from the SeaQ3 Program) 

. Hazards to shipping and coastl ines 

4. Coastal geography and cartography 

5. Sc ien t i f ic  and cu l tura l  research not re la ted to  the above 
categories. 

e focus on national p r i o r i t i e s  is established to guarantee that  the experlmental 

e s  of coastal  zone oceanography defined i n  t h i s  study w i l l  be problem- 

oriented: cohesive, and relevant. 

- 0  

The broad objectives of t h i s  s tudy  are:  

( I )  To r e l a t e  the experimental ceeds of the oceanographic connnunfty 
t o  national needs and national p r i o r i t i e s  

(2) To define the breadth of experimentat€on i n  coastal  zone ocearko- 
graphy which may require the use of a space platform. 

(3) To help establ ish experimental p r i o r i t i e s  which will help NASA 
i n  the selection and grouping of experiments for  ERTS %EZ. 

bl ish  the needs of the oceanographic c o m n i t y  i n  the coastal  zones. 
Each need sha l l  be ident i f ied  with one o r  more of the "pr ior i t ies t1 .  

and j u s t i f y  experimental objectives or phenomena t o  be observed 
fy the needs established i n  (I). 

the Orground truthtg experimental. requirements (surface, sub- 
surface, or land-based) t o  s a t i s f y  the object€ves or.observations of 
(2). These should include spec i f ic  measurements, frequency of measure- 
ments, spectral  resolutions i f  applicable, time of day, season, geo- 

i c  resolution, etc .  

4, Describe and establ ish the requirements €or a useful 81ground" experi- 
tal zone oceanography that  might be conducted i n  conjunc- 
e EmS A space experiment. Specify requirements fo r  space 

number of remote llgroundll s ta t ions.  (A br ie f  description of 
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the ERTS A payload is attached.) 

5. Bow might ERTS Ad-B and ERTS E6F best be coordinated through the 
International Oceanographic Decade? 

5.0 Study Period 

The study is envisioned as a 2000 man-hour effort ,  A final report will 

be required by September 15, 1970. 
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STUDY OF THE UTILIZATION OF THE EARTH P8SOUBCES TECHNOLOGY 
TELEITES IJ!l THE COASTAL ZONE OCFANOGRAPHIC INVESTIGATIONS 

anned haunch of the f i r s t  Earth Resources Technology Satell i tes inv i t e s  

conjecture as t o  t h e i r  application to  the oceanographic community. The payload of 

ER%S A.  scheduled for launch i n  1972, i s  designed €or land resources. Previous 

m@Zisurements of electromagnetic radiat ions and re f lec t ions  and other physical para- 

meters of the sea surface from both a i r  and space c r a f t  have already established 

ad avenues of possible u t i l i z a t i o n  of remote sensing devices. The need for 

the Eurther development of more sophisticated instrumentation seems j u s t i f i e d  Ln 

future space platforms. The use,of remote sensory devices is especial ly  applicable 

ems of coastal  zone ocenography. Synoptic sensjing from o r b i t a l  un i t s  may 

of fe r  solutions to problems i n  a global 2nd regional scale  not noianally a t ta inable  

using present ground based technjiques because of space and time l imitat ions.  Before 

maximum benefi ts  can be obtained from the data collected by space c r a f t  sensors, 

an appraisal  of current and projected oceanographic problems i s  necessary. 

A committee from the School of Sciences a t  Old Dominion University submits 

thits proposal t o  determine ana investigate the  major problems, o r  needs. of the 

community concerning oceanographic coastal  zones, Emphasis would be placed 

the en t i r e  coastal  area under the inlEluence of the oceans, which would extend 

e continental coastl ine to  the margin of the continental shelf .  This area 

clude es tuar ies ,  s a l t  marshes, bogs; or other  shore areas  tha t  would have a 

d @ ~ i ~ i t ~  relat ionship to  the coastal  oceanographic envir0nmer.t. An addi t ional  goal 

of this committee would be to make recommendations concerning the appl icat ion of the 

ces Satel l i te  sensory data to  the solution of the spec i f ic  problems t h a t  

coastal  zone oceanography. The methods for accomplishing these ends a re  

subsequently outlined below: 

- -~ . ~ I . . . .. . . . 
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11, PLANNED APPROACH 

2. A multidisciplinary study committee would be organized of individuals who 
' 

have a par t icu lar  expertise i n  oceanography o r  subject areas of oceanographic 

significance. This committee w i l l  be augmented by the Part ic ipat ion o f  consultants, 

I 

for short  time periods, who may contribute t o  the input of specif ic  tasks tha t  a r e  

established by the committee. The committee would function during a three month 

period tha t  would begin on June 1, 1970. 

2. Cornittee par t ic ipat ion w i l l  i n i t i a l l y  enter  a phase of investigating 

problems of coastal  zone oceanography pertinent t o  specif ic  discipl ines .  This act ion 

w i l l  develop from sub-groups of the or ig ina l  committee and w i l l  e n t a i l  both l i b ra ry  

research and study. Specific problems and needs w i l l  be ident i f ied  i n  each disci-  

pline.  Emphasis w i l l  be placed on problems of prac t ica l  application, e.g. pollution, 

food production, transportation, hazards, shore l i ne  a l te ra t ions ,  e tc .  

3. The second phase of involvement w i l l  consist  of a period of in t e rd i sc ip l i -  

nary exchange and interact ion between different  sub-groups and the e n t i r e  committee. 

From t h i s  discourse w i l l  develop a refined l i s t  of specif ic  discipl ine and in te r -  

discipl ine problems for each sub-group. * 

4. The e n t i r e  committee wi13. then evaluate' the recommendations from each sub- 

group. The significance of these spec i f ic  problems w i l l  be evaluated i n  regard to 

the scope of the project  and a list of prime problem areas w i l l  be established and 

p r i o r i  t i e s  as signed. 

5. Each problem area w i l l  then be assessed i n  regard to  the type, amount, 

and frequency of "ground truth" data required from coastal ,  or  water based sources, 

t o  provide sign€ fican t 9n f orma t ion.  

6. The relationship of sui table  '!ground truth'' investigations and data ob- 

tained from ERTS to  each problem area w i l l  be assessed. Specific requirements for 

both "ground" and space €Light data would be established. 

7. The committee w i l l  confer with national and international agencies 
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n t  of the 1nte;mationa.l Oceanographic Decade to estsblish the 

c ~ o ~ d i ~ a t i ~ ~  EMlS A&B, and ERTS E&F with the ZOI) program 

ID S 

The committee re o r t  w i l l  Tnclude 8 evaluation of the major pract ical  pro- 

cerned with applied aoastal. zone oceanography. A pr ior i ty  l ist  w i l l  be 

'El. indicate the more c r i t i c a l  areas (problems) of concern in 

y and those tha t  deserve immediate a t tent ion for assay and study. 

R e c  atione P k T l i l l  be made regarding specif ic  experimental tasks that  o f f e r  solu- 

to these problems and w i l l  u t i l i z e  the coordinated e f fo r t  of ground t ru th  

erhents and data from the Earth Resources Technology Sa te l l i t es .  The final re- 

ected to  be cornpxeted by September 15, 1970, b u t  not less  than three 

ths a f t e r  the effect ive date o€ the task order. 

e Study Committee mentioned i n  this proposal refers to ll members of the 

aculty of Old Dominion University, selected to assure broad interdisciplinary 

ge fn  coastal zone oceanography. The tlme that  each member of t h i s  c o d t r e e  

"11 c ~ ~ g ~ ~ b ~ ~ e  w i l l 1  vary i n  regard to  individual prior commitments for other work 

ng the study period. 

committee has been formed for planning and coordination. This 

ittee 28 composed of: 

Dr. I.ililliarn Y. Hama, Department of Geophysical Science 
D r .  Harold G .  Marshall, Department of Biology (Principal Inveetigator) 
D r .  Plelvin A. P i t t m ,  Dean, S c h o ~ l  of Science (Co-investigator) 
Dr. 3. Prank Slowey, Ins t i t u t e  or" Oceanography 

~~~n to the above names, the Study Committee includes the following: 

Pay S. BSrdsong, Dept. of Biology D r .  George S.  Ofelt ,  Dept. of Physics 
s A. Goaink, Dept. o f  Chemistry D r .  Gerald L. Shideler, Dept of 
d F. Levy, Dept. of Biology Geophysical Sciences 
d J. P. Swift, Institute of D r .  Xandatl S. Spencer, Dept. of 

OC@ aPh Geophysical Sciences 
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In addition to the Study Coinmlttee l isted above, consultants w i l l  be 

* ut i l i sed  during the study period to provide additional tnput and expertise 

regarding the overall scope of the project. 
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r e  :brine Geologist) 

ty from our School 02 Sctences is preparing 
tua% report on the most urgent requirements for research 
problems of coastal-zone oceanography. !le a re  concerned 
r e l a t ive  importance of problems i n  a l l  of the disci-  

es re la t ing  to es tuar ies ,  shore l ines ,  and continental 
helves on 8 global basis. 

"We request your assistance with t h i s  report .  In order to 
roaden the outlook of oer  report ,  we wouEd be grateful  to 
ave from you a l i s t  of a few of the most urgent research 

needs ~f coastal-zone oceanography. To a s s i s t  you i n  giving 
r opinions, we enclose a check-off sheet. Please do 
t your suggestions be limited by our list of problems 

dd%t%onal sheets a r e  enclosed for  the use of any of your 
colleagues who would favor us with t h e i r  opinion" 

"OLD DOMINION UNIVERSITY 
Coastal-Zone Oceanography 

Xesearch Needs Study 

. U~gent  Problems (Please rank i n  order of  importance) 
Petroleum resources under shelves 
I4etal ore resources cm shelves 
EIiineral aggregate re~ources of shelves 
Channel s i l t i n g  
Beach erosion 
Shore-line changes by storms 
Shell- f ihh reeources 
Estuary pollution 

deficiences (Please rank in  order 
Shelf currects 
Bottom topography 
Temperature prof i les  
Chemical. p rof i les  
Species d is t r ibu t ion  
Suspended sediment loads 

of need) 

It 6, mt Needs. (Please rank i n  order of need) 
Current: meters 
en s i t  tve magne tome t e rs 



OLD COt.IIXZCB UI!JrVEPSSTY 
Coastal-Zone Oceanography 
Biological :.~BC'E;ZC~ Tlccds 

Your area o€ research 
Please rank these major study areas in the order which yo= feel they should be 

rl given priority: coclska'f. geopaphy and cartography 
fisher ie c 
hazards to shipping and coastline 
g o 1  litt ion 
other (specizy) 

The following example i s  given as a guide. P l x i s e  list the problems in order of 
importance. Note reference i s  given to both regional and global problems. 
E;:atnple - Problem: (Regional or Global )  Estuarine pollution 

Geographical area of greatest concern: 
nata deficiencies: 
Instrument needs: Long term monitoring of pollutants and currents, 

Chesapeake Bay 
Detection of specific pollutants. 

.. Problem: (Regional or Global) 
Geographical area of greatest concern: 
Data deficiencies: 

Instrument needs: 

Comments : 

..........................................~~,*~.*.......~~.,......... 0 . * 4 . . . . * ~ ~ 0 . 0 ~  

=2, Problem: (Regional or Global) 
Geograpbical area of greatest concern 
Data deficfences : 

Iristrument ceeds : 

Comments: 

3, Problem: (Regional or Global) 
Geographical area of greatest: concern 
Data deficiences: 

Instrument needs: 

Comments 

Name 
(Opt ional ) 
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June 26, 1970 

Dear eague : 

n interdiscipl inary committee from our School of Sciences has been 
prepare a report  defining the most .pressing problem i n  coasral- 

zone oceanography. We are concerned with the re la t ive  importance of 
~ ~ o b ~ e ~  Bn all of t h e  discipl ines  re la t ing  to estuar ies ,  shorelines and 
c o ~ t ~ ~ @ ~ ~ ~ l  shelves. The scope of t h i s  study i s  world wide. 

In  order t o  broaden the outloolc of our report  we would great ly  appre- 
c i a t e  your suggestions. To a s s i s t  you we have enclosed a form. Please 
do not l e t  our examples l i m i t  your suggestions. Please pass along the 
addi t ional  sheets t o  any of your colleagues who may be interested i n  
~ o n t ~ ~ b u t i n g  t h e i r  opinion. 

Due t o  the time l imitat ions upon us, we would be grateful  for the 
I: return of your commemts. 

Sincerely. 

Harold G. IvIarshall Ph.D. 
Department of Biology 
Old Dominion University 
Norfolk, Virginia 23505 
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