OCEANOGRAPHY
THE SURFACE OF THE SEA

Dr. Renu Devi




Oceanography: The Surface of the Sea

Dr. Renu Devi

RANDOM

RANDOM PUBLICATIONS
NEW DELHI (INDIA)




Oceanography: The Surface of the Sea

ISBN 978-93-86372-36-9
© Reserved

All Rights Reserved. No Part of this book may be
reproduced in any manner without written permission.

Published in 2018 in India by

RANDOM PUBLICATIONS
4376-A/4B, Gali Murari Lal, Ansari Road
New Delhi-110 002
Phone : +9111-43580356, 011-23289044, 011-43142548
e-mail: sales@randompublications.com,
info@randompublications.com, randomexports@gmail.com

Type Setting by : Friends Media, Delhi-110089
Printed at : Sanat Printers




Contents
Prefae c..osnsineisasiasinihestetonsssnssatssbesersnizainss rot WSS (AN V-1
1. Oceanography i csceatasteetassm e . )
CONNECT O 10 e A O S PO e i et tree st aess st s aea s e N 7
Ocean CircUIatION s s T e R e e 9
Deep Circulation imit e @ e am . s e e e e s e PO Rus e 14
Importance ol ithel De e P U At O s e et e e vt oesaaasanas B 15
Theonyfor ine Dee R U At O e e e 22
Obsenvalions ot thelDee PACITCUIl AT IOM I r. . o set e o ss ot aatas s e s AT e 25
Regional Oceanic Modelling System ROMS .........ccccoiiiiiiiiiiiiiiiiciiciiccie s 32
Comments ol Coastal MoaBlS e e 35
2. Marine Archaeology and Conservation = 39
MaTitime AL CaE OO Y e e et tes e e by s cnt s ehe s T s LS 39
Preservation of Material Underwater .........cccveeveeieiiiiiiiiiciiiiiicnsiiiiiese e 41
(oG ETne) OO sostmmiacimnnooiiosi o000 aeosoat oA aan OO Ca) 43
|V EH ) 11611678 1Y/ conomtorenomnmronommastonmnmionn o oo 0 o OO OO0 46
3. Biological Oceanography o .52
Tools and TECANOIOGY: ....riovecresesiisesneimisiessanasnsnnenssnnsnastsscanasnassanenensonessastaseseesasansns 52
NS 037 R ETEEITCI N smmnnasossaaasoioniasinnia poos0aiiossaaoaoionmao00mmaaa o0aai0sa0000000a000E000000 53
Biology Of the OCEEANS .......cciiiiiiriiiiiierii s 54
Ocean—Floor BathymMetry ... 56
Connection to the AtMOSPNEIE ...cc.ceeiiieiriiiiieiri i 60
GO A OO 0 At UIT O S s L s o tatide fte et eese ekt aattsasavabankcuatcie 69
Underwater Depth of Lake or Ocean FIOOrS .......ccccoiiiiiiiiii 71
Plankton, Nekton, and BenthoS ...........ccccimiiiiiiiiiniiii s 72
Response of the Upper Ocean to WINds ..., 107
TTEREN [V SO e om0 o DR RO 0O ORBOIBS A A 78
EKMAN MaSS TIANSPOMS ...vovererruisiiiiiasiriisssesssssess sttt 87
Application of EKMaNn ThEOTY ..o 89
4. Oceans and Current Environmental Issues ...... w93
Temperature and Salinity of the OCEaNS ... 95



=, T
|
|
|
#

Indian;and Pacitic D CEOENS! vxxeessrseestssnssinsaserestseris st ieses i esisah et s eI ad NS AR oE) 100 |
PaCIHIC OCOAN ..vuuvurssiriisisissssissssarississsinerinis AT AT I O L Y IR e T TT PP 103
Oceanic Current PRBNOMBNA «v:isexxtessrsssrsssnsessnssssssssssssssssressssrssasssansssnsssssnasssasnrssnss 110
Coral REBIS iuvuisissiiseinivisnisivssstiosivssivensssirios civiss v st e e T e e TR e e L 113
Ocean Current and TICES iisss sssiisseixteirsssriis e oo et e TR ee e el et et 124
Ocean DOPOSItS viiiiiisiiimisviivrrm o iy X e el e e et L) 134
5. The Sea-Level . ... 138
World-Wide Transgressions and Regressions ...........cvaimimmisimsisisisisssmsnsieses 138
THE Continental Margin e s e e e ek e e et L e T 141
The Geophysical Side Of the! ProDIOM .. i «::sut:sessisresssisssnessasssssnsiesstessssaseiseassesess 147
Theories of i SUDa e Al OGN e e e e e e T e T e e 155
The Influence of Changing Sa-LeVel ...........ccciireeiisiareisesmsnssessosissuesessessessessssensie 164
The Marginal Flexure of the CONtINENTS .......coveiriirreiirisemiseersserseeiseassaeisesssnesseassnes 167
6. Marine and Water Pollution 172
Sources and Control of Maring PONULION ...........cccoeiveveererirseruesussarsesnensssnensansssensens 172
Criteria Employed for Disposal of Pollutants in Marine System .........c.c.c.ccceuevien. 174
Coastal ManagEMENL........civimsrivesisesenvsisese ey o, 178
Water: Pollution and it EffactS S triC Uire e S PO eS 181
SOUICES tvvrisessusssasensnonsosseisssiinsoissabessndsonionsenstsnnsssss s e u RUOUUURISL SRR S el o 183
POMNULANES ..cieanreneensenssnanssiresneesnssissssnsesassss s e A T EE O 184
DOMESHIC WEASEOS ....vvernneraressssossidinssanssssksasnmeens te e et LA I R ArTs 188
AGIOCHRBIMICAIS .., 100ruresuseseisnssnssnssinrenserieasansne e T 190
EUTODNICAION ... ceisiaseeesesnerasssnessesssan oo e o Y 192
Animals and i H UM e Bain g s s L e ST UNPNOSPT 199
EULTOPRICALION i....oieiiiiieneisiissssiisorsntaessanass s o s sae e e PR LU RPN 212
WaStaWater TIEOAMEBNT ........coccerreaneesssseaneonnsssasessnsssiesan s o e e 212

_ IndiCalOr OGS IS e TS O 215 |

o DOMESHC WASIES /... v vviiiseeesisoinnssnasspmrasarssssssnmtssistssteas e et e e T OO 219

o AGrOChEOMICAIS .. ..iieiiitiesssanesnassensanerssasnonsossesnnnassess annes e e DN 223

- Effect of R0l UtantS 0N Plants s e e taes s e e e e T T oS 232

Water Pollution Analysis and MONItOMNNG ........cceeiveiriiiieeiieniieiieeiisesineesssessaessssenees 233
7. Ocean and Wave Spectra 236
WaAVE POWET: i..ciiuiiiiiiiiiiniismiininaiissssasmssrasssnsssmasnse s e U 236
Wave MOMBNEUM  uiiiiiiiiiiiiniviiiiiiastesiara e sasassnssssat e e T 244
Pierson-MoOSKOWITZ S POCTIUINM .. e s sessssisaras s ree raa e s e N 246
Sea State Estimated by ODSEIVErs at S@a ..........ccciviiiiirirrieireseersersesesesssesssasessasns 252
The Oceanic TOPOGrAPNY: ... c.iieiuisaitiieesssssasessaassoion beai ey S R 254
Geostrophic Currents from Hydrography ..........couiiiiirisieereseseserseseseeseseesessssesasseses 258
Transportation on the O CEaNS it .. sassererrss i e e 259
Bibliography 263

4 Index wene 265

1

¥

4



OCEANOGRAPHY
THE SURFACE OF THE SEA

Oceanography is the study of the deep sea and shallow coastal oceans: biology, chemistry, geology
and physics together make oceanography a richly interdisciplinary science. Oceanography, also
known as oceanology and marine science, is the branch of Earth science that studies the ocean.
Marine mammals live, feed, and reproduce in a vast, three dimensional fluid environment—the ocean.
Air-breathing necessitates frequent attendance to the sea surface for all marine mammals, whereas
pinnipeds cannot reproduce in the water and have thus retained a close tie to land or ice. Despite these
ties to the boundaries of the ocean environment, oceanography is an important part of the study of
marine mammals. Marine habitats can be divided into coastal and open ocean habitats. Coastal
habitats are found in the area that extends from as far as the tide comes in on the shoreline out to the
edge of the continental shelf. Most marine life is found in coastal habitats, even though the shelf area
occupies only seven percent of the total ocean area. Open ocean habitats are found in the deep ocean
beyond the edge of the continental shelf. Oceanographic environment in its all dimensions is
thoroughly discussed in this book.

Contents: Oceanography; Marine Archaeology and Conservation; Biological Oceanography; Oceans
and Current Environmental Issues; The Sea-Level; Marine and Water Pollution; Ocean and Wave
Spectra.
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