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*How to integrate Technology with Ocean Science. * i i A coral reef harbors as much life as a rainforest : ( : : ) :
+HOW to set up Technology Lab Stations OCEan Information(All you ever wanted to know but was afraid to YOUR ONE STOP FOR THE LATEST IN OCEANOGRAPHY TOPICS AND Cradle to Myriads of Spacies . _ http://www-ocean.tamu.edu/education/common/notes/PDF _files/book pdf files.html
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*Key concepts for teaching Ocean topics (tied to TE.K.S.& *Real time data Sites(Discover what's happening now!) Moments to Destroy”

National Standards). *Interactive Quizzes(Test your recall and get the results immediately. The Ocean World team has gone all over the web and the world --Jim Morris
*On-line &Off-line Resources (where to get them.) *Internet Ocean Links(Find other great sites about the ocean.) gathering information and smart scientists so we can now present you
*Lesson Activities designed for problem-based Learnin | with the latestin oceanography information and fopics: ‘There has long been a belief that the sea, at

- * - - ) - - [l - [l
& Hands on Explorations.You don't have to be an Oceanographer oceanographer.) Looking for some real time data information on El Nifio? We've B’ e change and to despoil. But this belief, 8.1 The Influence of Viscosity 121
got it! (Check out our El Nifio topic section). What a_bout expanding your g lly .,_'-'-"* : unfortunately, has proved to be naive." 8:2 TUBUIEICE +vooooeeoeoeoeoeoeoeoeoeoeeeoeeeeeeoeoeoeoeeeeee 122
g £ . ' knowledge of ocean currents? You've come to the right place! (check out --Rachel Carson 1 A Vovaae of Discoverv 1 8.3 Calculation of Reynolds StreSsS:.........coceveeeeoeeeeeeeee e eee e, 125
M_‘ > El Nifo. our Currents topic section). - 1.1 Physics of the Ocean 1 8.4 Stability 129
2 : i - _ . _ _ = "Pollution, overfishing, and overuse have put 2 GORIS oo 8.5 MiXing iN the OCEAN .....cceevviieiiiiicieeiee e 134
“:3?-_?_& : / The big weather news of 1998 was certainly El Each topic section is organized so that you can find the many of our unique rgefs at risk. Their P 1323 g?a;.zat.on """"""""""""""""""""""""""""""""""""""""" g 8.6 Imporq[ant Concepts 138
Elno.cl:ivery Tﬁor L;torm that hr']t the West and information you need quickly and easily. Each section contains quick CORAL: ANIMAL, MINERAL OR disappearance would destroy the habitat of 1.4 Thg Big PICHUIE oo 3 .
aslt _ O‘ZSt 0 or_thAmerlcadt at year was links to various points in the topic's pages, as well as pictures , VEGETABLE? countless species. It would unravel the web of 1.5 Eurther Readin(j """"""""""""""""""""""""""""""" 4 9 Response of the Uppel’ Ocean to Winds 139
to eXp aine away wit tW~0 woras -- real_time or near_time data IinkS, and further information Website marine I|fe that hOIdS the pOtential for new . . ._ ...................... T 9 A Inertial |\/|Oti0n .......................................................................... 139

Bring the Ocean to your Classroom! El Nifo. links. chemicals, new medicines, unlocking new 2 The Historical Setting 7 9.2 EKman Layer at the Sea SUMACE ............rvvervverereeerereeeeererennn, 142

Let the Ocean World Crew show you how. _ o mysteries. It would have a devastating effect on 2.1 DEFINItIONS ..o 7 9.3 EKman Mass TranSPorts ..., 150
Reqdy to start? Come aboard! Sel_ect one of the topic sections in the coastal communities from Cairns to Key 2.2 Eras of Oceanographic Exploration ............cccceeeeeveennen. 8 9.4 Application of EKman Theory .........cccooeeeiiiiiiiii e 152
the jump down menu below to begin your voyage. West, Florida -- communities whose livelihood 2.3 Milestones in the Understanding of the Ocean ........... 11 9.5 IMpPOrtant CoONCEPLS ..uuiviieeiieiiiiie e 154

o —— : depends upon the reefs." o A _ . o g 2.4 Evolution of some Theoretical Ideas .......................... 15 :

Welcome to the TEACHER section of Ocean World. Here you will find three major --President Bill Clinton S ' o o - RS 2.5 The Role of Observations in Oceanography .............. 16 ilz)(:)r Ed?ocs)tgtggeimﬁmcurrents 157 157
sections to help you realize your goal of brlnglng the envrronmenta”y Important A PER'ODIC’ SEASONAL VISlTOR TO PLAN ET EARTH EEHEYE . - ; — : 2 b . ’ ;-:“ ‘. 2.6 Se|eCtIng Oceanic Da.tasets ...................................... 16 102 Gséostro hic Eq sations ... 159
subject of the OCEAN to your students. We can show you how to integrate Periodically, every three to seven years, El Nifio occurs. El Nifio means "the (Christ) CORAL REEFS “ M What is coral? When you see pictures in National Geographic of huge rock like things in the _ : | 2.7 Design of Oceanographic Experiments ...................... 17 10.3 Surface pGeost(rqo hic CUITente Frorm Altimeatry e 160
various technologies into your ocean science curriculum as well. Child" because it commonly appears at Christmas time. With the onset (beginning) of I\EW?'r A ocean with fish swimming all around, is that coral? Well, sort of. That is a coral reef. Project Overview _ _ _ _ 2.8 Accuracy,Precision,and Linearity .............cccccoveennnnn, 17 10.4 Geostrophic Curfents Erom Hvdroaraoh Yo 64
Port 1 - Technology-Lab Station Framework El Nifio, water temperatures in the ocean off the coast of Peru (on the continent of http://www.fisheyeview.com/ Coral is an animal that belongs to the phylum cnidaria. A phylum is a group or classification The Volvo Ocean Adventure is an Internet based education project designed to 2.9 Important CONCEPLS ........ccevvririiiiiiieee e, 19 10.5 An Exarr? e Using Hvdroara )r/ﬂc Igatap Yo 170
We have designed 7 tech-lab stations for collaborative teams of students. South America) become warmer. Nutrients commonly found in the normally cold waters Look at Fisheye View Cam! It views a patch of coral severy 90 scientists place animals in that share certain characteristics. Cnidarians are radially symmetrical; encourage young people to find out more about global environmental issues that 3 The Phvsical Settina 21 10.6 Commenltos on Ge%st?/o hi% Cpurrents """""""""""""""""" 172
Check them out by clicking here-TECHNOLOGY LAB STATIONS EXPLAINED. of the area disappear. The fish and other creatures who depend on these nutrients seconds. The remote camera captures live video for photos and thatmeans they are the same all the way around, 360 degrees! They are built like sacs with a influence everyone's day-to-day lives.Initially the project will follow the Volvo Ocean Yy 9 10.7 Gurrents From Hvdro rz hic Sections. ... " 177
Some stations are designed for "hands-on" exploration and observations. Others (food) also leave the area or die of starvation (hunger). (See our web page on Fisheries streaming video of corals at Coral Gables, Florida. hole in one end that is surrounded by stinging tentacles. Jellyfish are cnidaria. Now, you are Race 2001-2002 round the world, using it as an opportunity to bring marine 3.1 0ceans and Seas ... 22 : ydrographic Sections ...

. R . o . . . . . . . ' . . ' enVIronmentaI SCIence to a Wlder audlence However the roect ISIntended to IaSt 32 D|menS|ons Of the Oceans _________________________________________ 24 108 Lagrangean Measurements Of Curl’entS ................................. 180

require research over the Internet or a CD-ROM. for more information on the effects of El Nifio.) Tropical fauna (animals) and flora Check out more at: probably thinking,jellyfish don't look anything like what | thought coral was! That's because the - , proj : )
You have several choices for employing the labs. (plants) not native to the area's normally cold waters appear when the warm water http://oceanworld.tamu.edu/realdatalinks/realdataCORALREEFS.htm only pictures you have ever seen of coral are of coral colonies called reefs. beyond the 2001-2002 race, and will also cover wider environmental issues. 3.3 Bathymetric FEAUres ... 25 10.9 Eulerian Measurements of CUMeNtS ..................ooooovvvvvvvnnnees 187
irF])trudes (moves in) y pp There are three key elements to the website; - 3.4 Measuring. the Depth of the Ocean ..............cc............ 28 10.20IMPOortant CONCEPLS ...cevniieiiiieiiieeeie e 190

Port 2 - Thematic Lessons & Background Information The appearance of El Nifio is indicated by a change in global weather patterns. (Visit - ' ' 1 Data from the Yachts. face 1 ; q loUr data f h gg ggrjhrrmﬁtrr]cecgsé;snand Data SIS --vvvvssvvves ?;é 11 Wind Driven Ocean Circulation 191
Welcome ashorel AS we Stated |n the beglnnlng’ you don't have to be an our page on the Role Of the Ocean |n Weather) It haS been observed that thIS Unusua| CURRENTS el -, The WeekS passed We saw no S|gn elther Of a Sh|p . Da ?]. I’OFT}I be acC bs dea. Sl:]r ace ”empera Ul’efan Oﬁean CO OUI‘ ata from the 37 Im ortant Conce g 38 111 Sverdrup ;S Theory Of the Ocear"C Clrculatlon ........................ 191
oceqnographer_to teach about this environmentally important topic.We have flow of warm tropical water to the region offshore of Peru occurs during years when the / \ or of drifting remains to show that there were other yac_ltsblvw ?hcom l;n? wit ﬁate '.t(;’; gmakges ro d”? tf € race reglczjnha_md rfnade ' P p. """"""""""""""""""""""""""" 11.2 Western Boundary CUMeNtS ..........ccceeeieiiiieeeeiiiieeeeeeeeeeiiiiinns 197
provided you with: o trade winds have slowed down or, in some instances, reversed their direction. The http:/Ammww.gmpo.gov/data/realtime. html ol | people in the world.The whole sea was ours, and, s e site together with background information and hints for data 4 Atmospheric Influences 39 11.3 MUNK 'S SOIULON wvvcooveeveeeeeeeeeeeeseeeeeeeeseeseeseeeseeeeeseees e 198

Background information in a clear and easy-to-understand format for the trade winds usually blow quite vigorously. When the trade winds blow vigorously, cold This page points to the Gulf of Mexico related near-real-time & 5 with all the gates of the horizon open, real peace ) Undgrsténdin the Ocean. A series of weeklv topics following the vachts around the 4.1 THE EATth IN SPACE «e.veeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeenens 39 11.4 Observed Circulation in the AHANIC ...........c...coveveveeererereereeennees 201
novice as well as the experienced ocean science teacher. Here you will find nutrient-rich water occurs at the ocean surface in the eastern equatorial Pacific and data and forecasts. Raw data, processed data, analyses and ** S and freedom were wafted down from the firmament " world looki gt ~ohic oh y dp he role of % yach h u obal 4.2 Atmospheric Wind SYStEMS «......vveeeeeeeeeeeeeeeeeeeeneen. 40 11.5 IMPOrtant CONCEPLS .....cvvverereereireieeieeresieresieeseeseseee e seeseseenens 206
everything a science teacher ever needed to know about the ocean offshore Peru. Under these oceanographic conditions, upwelling supports high icti i O = itself. It was as though the fresh salt tang in the air world looking at oceanographic phenomena and the role of the ocean in the globa TR
_ _ grap » up g supp g predictions are all included. S g , bined with brief back d inf q , f hool 4.3 The Planetary Boundary Layer ........cccccceeevieieeeiinnnnnnn. 41 12 V h
Each lesson addresses one of five major themes. biological productivity in Peruvian waters. In other words, the ocean teems with life. On Check out more at: MExicO and all the blue purity that surrounded us had enyw_qnmerg, r:om mef i '“?f ac;]_groun rnhormatron an_” Eugdgesthnsl o 4.4 Measurement Of Wind ..., 42 Or-t-ICIty In't e Ocean 209
Systems and Structures some occasions, normal air pressure patterns break down which causes the trade http://oceanworld.tamu.edu/realdatalinks/realdataCURRENTS.htm washed and cleansed both body and soul. To us on acﬂvgler&ﬁ © e_r:r'rl%n 0 mal;[’erlta ort IIS parr]t ort f prﬂﬁdé\” € done in close 4.5 The Sampling Problem in Scatterometry .................. 49 12.1 D€ *Nitions OF VOIUICHY wovvvooovoverreen 209
Energy Wlnds to Weaken and even reverse thelr dlrectlon thus dragglng warm nutrlent_poor ‘[he raf‘[ the great problems Of C|V|I|Zed man colla 0 ation W|. cience rFartners a Ong € route O e ace. o ) 46 W|nd Stress ............................................................... 49 122 Consel‘vatlon Of VOFtICIty ........................................................ 212
Change water to the east as far south as Peru. This initiates El Nifio El NlNO — appeared false and i||usory__|ike perverted products 3. Learr_llng by ACtIOﬂ. A programme to enCOl_Jrage young people to participate In 4.7 IMPOTtANt CONCEPLS «.vrvrveveeereeeeeeeeeeeeeeeeeeeeseeeeseeeseeenn. 51 12.3 Vorticity and Ekman PUMPING o 215
Interactions = _— of the humanmind. Only the elements mattered. praCtlcaI pr0]eCtS |0C3-"y, to help solve environmental prOblemS' . 12.4 |mp0rtant Concepts .................................................................. 220
Measurement | | E"RHEHTS And the elements seemed toignore the little raft. Or _ 5 The Oceanic Heat Budget 53 13 Deep Circulation in the Ocean 221
Valuable Resources that are easy to obtain (quite often "free of charge") http://www.jpl.nasa.gov/elnino/ perhaps they accepted it as a natural object, which Satellite and Yacht Data 5.1 The Oceanic Heat BUdget ............c.cccvvvveeieevienenne, 53 P S _
and great links to information on the Internet. Want to see present |mage§~and news releases based 1| N did not break the harmony of the sea but adapted * Ocean colour data provided by the SeaWiFS Project and Orbimage 5.2 Heat-Budget Terms ..o, 55 13.1 Importance of the Thermohaline CIrCUlation ........................... 222
Tied to National Standards and Texas Essential Knowledge and Skills on observations of the El Nifio/La Nina phenomenon in 148 | " itself to current and sea like bird and fish. Instead *Wind and wave data provided by Satellite Observing Systems. 5.3 Direct Calculation of FIUXES ........cccerrrerrererereinenenns 59 13.2 Theory for the Thermohaline CIrCUlANON ........cocoooooivvvressssroees 221
(TEKS). the Pacific Ocean? Come and visit this site which R El N|n0/|_a Nina Watch of being a fearsome enemy, flinging itself at us, the * We also hope to provide sea surface temperature data. 5.4 Indirect Calculation of Fluxes:Bulk Formulas ............ 61 13.3 Observations of the Deep CIrCUIAUON ... 231
has current data from the TOPEX/Poseidon and other T3 elements had become a reliable friend which * Link to the ocean colour and sea surface temperature data collected by each yacht 5.5 Global Data Sets for FIUXES ...........cc.ccocrrvrivrirnienenn. 64 13.4 Antarctic Circumpolar CUMENL ... 237

Port 3 - Ocean Science Activities for Students NASA/JPL satellites and instruments. steadily and surely helped us onward. While wind 5.6 Geographic Distribution of TErmMS ...........o.oovveevvevve.... 68 13.5 Important CONCEPLS ........ccvvviiiiiiiiiiii 240
Check out our treasure trove of activities that will involve your students in Check out more at: . and waves pushed and propelled, the ocean Each satellite image will have the position of the yachts over the previous 24 hours 5.7 Meridional Heat Transport .........cccoeeeevvveviciiieeeeeeeinnnnn, 71 .
problem-solving, critical thinking, hands-on learning, and observations. http://oceanworld.tamu.edu/realdatalinks/realdataELNINO.htm current lay under us and pulled, straight toward our superimposed. This information will be obtained from the race office by SOC and 5.8 Meridional Fresh Water Transport .............cccoceeveenee.. 73 14 Eq uatorial Processes 243
These activities are designed to fit in with our technology lab stations we goal. atuomatically relayed to science partners responsible for providing the satellite data. 5.9 Variations in Solar Constant ...............cccvvvvvvvvvvivnnnnnns 75 14.1 Equatorial ProCESSES .........ccceiviiiiiiiiiiiiin i 244
visited at Port 1. FISHERIES Thor Heyerdahl, from Kon-Tiki The hope is that the data will be available in near real-time, so the procedures for 5.10 IMPOrtant CONCEPLS .....cveveeeeeeeeeeeeeeeeeeeeeeeeeeeneens 75 14.2 EINITNO 1ottt 248
Check out our page on Problem-Based Learning. uploading images to the VOA website will need to be automated. - - . 14.3 EI Ni "n0 TeleCONNECHIONS .....oovviiiiiiiiiieeeeeeeee e 257

, http://wvwv.pac.d_fo-mpo.gc.ca/ops/_fm/fishmg_mt.htm A CURRENT IS A CURRENT BY ANY OTHER NAME, BUT WHAT IS A CURRENT? Along with the satellite and yacht data, we hope to provide a brief daily guide pointing 6 Tem_peratl_l!'e,Sa“nlty,and DenS|ty 7 14.4 Observing EINi "N0 ... 258
Ocean World's Teacher Workroom offers you lesson plans, Canada’s Fisheries and Oceans site runs this Ocean currents can be divided into two types of flow based on the forces that drive them. out interesting features of the images and yacht data, with links to relevant background 6.1 Definition of Salinity ... 7 14.5 Forecasting EI Ni N0 ... 260
. oom @ . FISHERIES . . ARV : S yp . esting fe . . 9 -
integrated technology lab stations, links to oceanography teaching Almost everyone enjoys seafood. But the cost of our favorite site which links you to their current fisheries \ & \Fichat Most currents in the upper kilometer of the ocean are driven by the wind. Deeper currents information within the Subject Areas / Topic of the Week sections. 6.2 Definition Of TEMPEIAUIe ...............oooooooooississsissnn 81 14.6 Important CONCEPLS ......cvvveiiciicie s 262
; : . ) N C : - : o : <\ FISNeries Management PP y P i istributi

materials, and more! Margaret Hammer, our resident education dishes is rising fast. Today, overfishing and destructive fishing information. Swim through this site and find A " A are density-driven(which means that dense water sinks and is replaced by less dense 6.3 Geographical DIStIDULON ........ovvvvenninreinninreine, 83 15 N ical Models 265
expert, has woven together quick reference background materials with practices threaten millions of jobs, global food security, and interesting pages as the one on real time data Pacific Region water). Deeper water is affected by long variability of climate. Climate controls salinity and Volvo Ocean Adventure 6.4 The Oceanic Mixed Layer ...........cuuwrrissssisiiivvnnens 86 Um_erlca OdEIS :
easily customized activities, relating directly to a set of teaching the health of the marine environment. At least 60 percent of on predictions of tides. \ temperature of the water which has everything to do with density. Subject Area Content List 6.5 Potential TEMPETALUMe .........c.ooocovvnviemininninene, 86 15.1 Introduction —Some WOrds of CAUHON .......ocovvvveeeee e 265
themes. the world's 200 most valuable fish species are overfished or Find more at: (See our page: Role of the Ocean and Weather.) Water and Heat Cycles 6.6 Measurement of Tempera_tu_re """"""""""""""""" 92 e N_umerlc_:al Models in Oceanography ......c..o.nemmssnsissesness 267

B fished to the limit.Eleven of the world's 15 most important http://oceanworld.tamu.edu/realdatalinks/realdataFISHERIES.htm The earth's radiation budget 6.7 Measurement of ConductiVity ..........c.ccccceeeeeeeeninnnn, 96 15.3 Slmqlgtlon Mod.els .................................................................... 268
The following links have been organized to familiarize you with fishing areas are in decline.Even the remote, windswept The water cycle 28 Measurement oLPrelgs_ure h """"" h """""""""""" 98 12451 CP:“mTVIeI;AE%u?tlon MOCEIS wovsssor v 3(752

the Oceanography teachlng materlals that Ocean World has to oﬁer. 5 Southern Ocean around Antarctlca IS no Ionger Safe from w . Weather and SeasonS . Tempara.ture an Sa Inlty Wlt Dept ...................... 99 . Oas -a- v (010 1S 5 T
Introduction = rapacious and illegal fishing. ICEBERGS _ SATELLITE OCEANOGRAPHY and TOPEX/Poseidon Weather or climate? 6.10 Measurements of Mixed-Layer Depth ................. 101 15.6 Assimilation Models .............cccoiiiiiiiii 276

Developments in Oceanographic Studies 228 WWF's Endangered Seas Campaign - Scientific American, http://l_Jwam_rc.ssec.W|sc.e_du/amrc/realtime.htm_l On the beach at night alone Atmospheric convection and prevailing winds 6.11 Light in the ocean and absorption of light ............. 101 15.7 Coupled Ocean and Atmosphere Models ............ccccoeveeernnnnnn, 279

- ; TR The Oceans. Fall 1998. Vol. 9, Number 3. ;I;f;]ls Sl_te brlngsfy_oubreal—tlmedqlata fr:orn Anth?rctrjcar. As the old mother sways her to and fro singing her Comparison of global maps of SST, wind-speed, cloud cover 6.12 Important CoNCEPLS ......covveeiiiiiieeiiie e, 105 15.8 IMpPOortant CONCEPLS .uvuniiiiieiiiiii et eee 282
Technology Lab Stations . . . as Images of icebergs and I1ce shelves. [ ne aata Climate ch ' '
. . To know more about fisheries, check out out website. : : : - husky song, Imate change 7 The Equations of Motion 107 16 Ocean Waves 283
http://oceanworld.tamu.edu/teachers/les_plan_introduction.htm comes from a wide variety of stations and provides As | watch the bright stars shining, | think a thought of The global carbon cycle (interactive diagram) 71 Dominantclliorces for Ocean DyNamics ................... 107 16.1 Linear Theory of Ocean Surface Waves ..........c.coveerevevevereneen, 283
temperature, dew point, air pressure redu_ced fo sea level, the clef of the universes of the future. Ocean Basins and the Sea Floor 7.2 Coordinate System 108 16.2 Nonlinear waves 283
Introducing and Explaining Technology Lab Stations current weather, wind speed (mph) and direction, o _ nq th . : SIEM oo 2 Nonlinear Waves ...........ccccceeiiiiiiiiiii e
S . : A vast similitude interlocks all, Mapping the sea tloor 7.3 Types of Flow in the ocean 109 16.3 Waves and the Concept of a Wave Spectrum 289
http://oceanworld.tamu.edu/teacherS/teCh_lab_StatiOnS.htm preC|p|tat|on (mm) du“ng an amount Of tlme (hhmmss)’ h . b . 'f' | . . . I IR MG D e SV s PO AT e e TR O T I N e
S All spheres, grown, ungrown, small, large, suns. moons, The main ocean basins (Pacific, Atlantic, Indian Ocean) 7 4 Conservation of Mass and Salt 110 16.4 Ocean-Wave Spectra 205
and VISIbIIIty (km). I t Active and paSSive Continental mar inS . ] IERo G DEE rrrrers e . Attt
Table of Technology Lab Stations by Topic and Theme - Find more at; ?Aj”;_ 5{ Cen " Water in motion 9 7.5 The Total Derivative (D/Dt)............cccoceeverereeererenenns 111 16.5 Wave FOTeCASHNG .........ccccceveveverererererereiereieiesesesese e, 300
. stances of place ho : '
http://oceanworld.tamu.edu/teachers/tech_lab_sta_examples.htm ICE AGES http://oceanworld.tamu.edu/realdatalinks/realdatal CEBERGS.htm All dilstan ces of tﬁn o al i;llv ;r\l/i?nr z:';lé fi ms Waves ;? ?ZASITSee?f/l;?oE%l:‘all\zggsTheCont|nU|tyEquat|on ------ ﬂg 12? :\:Inepzsrl:z;i;nggagéx\tlsves """""""""""""""""""""""""""""""" 28411
We are a” descendants Of the iCe age. PeriOdS Of glaciation AII SOUIS’ a” Iiving bodies though they be ever SO Wind_driven Currents 7:8 CaICUIation Of Vertical -\/eIOCity USing ContinUit .......... 118 A HTTIPULLAATNIL VVUTIVOU LD sssssssssssssssssssssssssssnssnnnnnns .- .............................
Oceanography Background have spanned the whole of human existence for the past 2 different, or in different worlds, Thermonhaline circulation 7.9 Solutions to the Equations of Motion .............. y ...... 119 17 Coastal Processes and Tides 305
million years. The rapid melting of the continental glaciers ROLE OF THE OCEAN IN WEATHER All gaseous, watery, vegetable, mineral processes, Life in the Ocean 7.10 Important Concepts 120 17.1 Shoaling Waves and Coastal Processes ..........ccccccvvvviveiieenennnnn. 305
Table of Contents at the end of the last ice age spurred one of the most http://www.rap.ucar.edu/weather/ the fishes. the brutes, Classification of the marine environment .10 Important Concepts .........cccooviiiiiiiii, 17 2 TSURAMmIS TR 209
http://oceanworld.tamu.edu/teachers/les_plans_tofc.htm dramatic climate changes in the history of the planet. The Real-time Weather Data page brings to you All nations, colors, barbarisms, civilizations, languages, Marine pollution 17.3 SEOTM SUIGES .e.vovvveecececececececeeecesesees s s s s e s s s esesesesasesesasesanns 312
_ The next ice age is already overdue. Its onset depends on a complete set of information on Surface, All identities that have existed or may exist on this Oil pollution 17.4 Theory of OCEAN TIAES .......coveeveeeeeeeeeeeeeeeeeeeeeeeee e 313
Propertles Of the Ocean hOW man alters the Cllmate by addlng to the greenhouse AW Satelllte’ Rada’r and Upper-AIr Da'ta" globe’ Or any globe’ Marlne debrls 17.5 Tldal Predlctlon .......................................................................... 319
http://oceanworld.tam'rJ.edu/teachers/savage__sea_orr?ropofocean.htm effect. Perhaps global warming with man's assistance, migh i ey | All lives and deaths, all of the past, present, future, Heavy metals 17.6 Important CONCEPLS .......eeeveiiiviiieiiiiie e 324
Savage Sea or Tranquil Ocean be able to hold off the next ice age for a little while longer. § hiltq ./rnore at d duirealdatalinks/realdatal, — o= —= This vast similitude spans them,and always has spann'd, Coastal environments and reefs References 327
o c : Ice Ages: Past and Future, Jon Erickson p-/loceanworld.tamu.edu/realdatalinks/realdatail — & v, And shall forever span them and complactly hold and
cean Currents ’ : :
_ Wh I hy? enclose them. p T —— I —
http://oceanworld.tamu.edu/teachers/currents_oceancircul.htm - ) SATELLITES AND OCEAN EXPLORATION atls Satellite Oceanography | ‘1
"What goes around comes around" ICEBERG http://www.ssec.wisc.edu/data/
: : , In SSEC site you find a variety of links to different pages
N On the night of April 14, 1912, at 20 minutes before ) o ! . N | = Preface
El Nifio | midnight, the "unsinkable" ship RMS Titanic was cruising across which show actual satellite images for North America, WeII"you_ re on a satellite ”gﬂf[ nova. Yeah, for real! This book is written for upper-division undergraduates and new graduate stu-dents in meteorology,ocean engineering,and oceanography.Because these
http://oceanworld.tamu.edu/teachers/bad_boy_elnino.htm the Grand Banks off Newfoundland at more than 20 knots on its Western Hemisphere, and Eastern Pacific Ocean. A sateliite is an orbiter--something that travels students have a diverse background,| have emphasized ideas and concepts with a minimum of mathematical material.Acknowledgements | have taught
"The Bad Boy of the Pacific” maiden voyage. Lookouts suddenly saw an iceberg dead ahead Composite satellite, volcano watch, sea surface SRl around another object. Planet Earth is a sateliite of--you from the book for several years, and | thank the many studentswho have pointed out poorly written sections,con sicting notation,and other errors. | al
naiden voyage. Y St ) g : temperature data and images are also on this site. The informauuii 1s ey guessed it--the sun. The gravity of the sun holds us in years, 4 > P poorty p 9 ’ er e1vors.! aiso
_ rising six stories out of the water. Their warnings to the bridge : ) _ SO . thank Professor Fred Schlemmer at Texas A&M Galveston who,after using the book for his classes,has provided extesive comments about the material.
The Oceanic Heat Budget : : updated on a regular basis (one daily, every 3 to 6 hrs. or every 30 mins). orbit. Without the gravitaional pull of the sun, we would go - : ) . . : .
, were too late. The great liner struck the iceberg and sank. The . : ) Of course,| accept responsibility for all mistakes in the book.Please send me your comments and suggestions for improvement. Figures in the book came
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