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> What is one of the main
differences between water in
the ocean vs. water in a river?




InirodlGiioRNoNRer@cean

> If the Earth were
the size of a
basketball, the
ocean would be a
t1lrr) of water over
its surface.
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> Water makes up about 507, of most
marine life.

> Jellyfish
are 95%




> All matter
IS made up
of tiny
particles
called
atoms?




!/V'na"r [SAVGENCRY ‘
> There are 115 substances that

are made up of the same kind of
atoms. They are called z/z/512/17=.




molecules

Water Molecule

Hydrogen

Oxygen (O)
Hydrogen (H)
Chlorine (CI)
Sodium (Na)

3 %&‘8

0@9

NaCl (salt)
in water



Basic Chemisiry ol

.

- One molecule that everyone on
the planet has encountered is

H,0.

u should recognize this as a
ical description of water




> In the water
molecule, there
are two atoms of
hydrogen and
one atom of
oxygen bonded

chemically
*rosﬂﬁ\

~—



Vater molecules are attracted
€ ther by weak bonds called

Donor a 111 Acc e;t or with
Hydroger Lone Pair

/\ j\ °q
L

Hydrogen Bond



UniquesiNagtireroimWaier ‘

* First of all, each water molecule
has sligrr vositive and nzgerive
Jlaerdicd) criargzs,

> The 20si7i/2 charges are near
2 ()/clocjzr) atoms and the
12¢/cirly= charges exist around

or47¢12() atom. A,__?
-

N —




Hydrogen
bond

FIGURE 3.1 The different ends of water molecules have opposite electrical
charges. The oxygen (O) end has a weak negative charge, while the
hydrogen (H) end a slight positive charge. Opposite charges attract each
other like the opposite poles of a magnet, so the oxygen end of one
molecule is attracted to the hydrogen end of neighboring molecules. These

weak attractions between water molecules are known as hydrogen bonds.
Source: Bill Ober

J




UniquesNaiEroiVater -

* Due to these slight electrical
charges, water molecules are
attracted to one another.

’ The negative charge of one
molecule is attracted to the

ositive charge of other

cules (remember: opposites
I iy,




hydroegen
bonding

Hydrogen
bonds




JniqueriNaiure o Waier

“The
Endless Voyage
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UniqueNaturessiaWater
 Flydragzn vonds help keep

water molecules as a cohesive
group at most temperatures
ound on earth.
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IHOW SN EPERGItREAIMPe

* As temperature J,cr 2325,
4s

water molecules move ==/,

f the molecules moves fast
ugh it can -,z free of all
yaroger .)Jf]JJ.

S

Movement of
H2O Molecules
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Howidoessiemperasiiresimpaci water?

- If this happens, water goes from
he liquid phase to the gaseous
\ase in a process called
evaporaiions

-

— ) |
o @
(= Lower Energy: 3

. . _ y Remain as liquid
o e S )

High Energy:
Evaporating

Medium Energy:
Pulled back into water




IHow,deesHiemperd impact water?

'remper'a'rur'e UCGIEUSE
r molecules move slower
e packed closer together.

solid ]Iqull_'l gas
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1 What happens to volume?

J[\ r‘“ ﬂr‘“ﬂ

* Weight does NOT change. So it
ets more dense.




How,doessemperanirerimpact water?

Y stances
1 more pe
5 are PING PONG BALL

LAMP OIL

‘ han RUBBING ALCOHOL T

VEGETABLE OIL |

1 less
) WATER

CHERRY TOMATO

DISH SOAP
MILK

100% MAPLE SYRUP

POPCORN KERNEL
CORN SYRUP_

HONEY

BOLT



HoW, deesHEemperaitre Irrspac’rm
* Think ...
- Imagine that you have two

kitchen measuring cups (volume =
one cup):

* You fill one cup with bird
feathers.

You fill the other cup with

dpellets. ol

weighs morezes ‘
\‘ = ’




HoW,aoesHemperatireNin ruw

- Of course, the cup of lead pellets

weighs more because lead has a

grea’rer density than the
eathers.

> Now, how does
this apply to
marine biology?




HoW, deesHEemperaitre impac-i‘m
- Cold water has more density than
warm water

* S0 .... Cold water weighs more per
volume of water.

refore ... Cold water sinks

eath the warmer water.
\\ — . ’




How deesHiemperaitiredmpac wa‘mf, %
NI
* You might have actually
experienced this yourself.

’ Ever been in a pool, pond or ocean
and noticed that while the water
ose to the surface was warm,

legs are feeling coolsr




o .
How doesHemperaitresmpact v

* As temperature decreases, water
becomes more dense.....but only to
a temperature of 4 °C.




Howidoeshiemperdiurestmpact water?

- Eventually,
Jelpagzs) Dorcls

1 water in a fix
attern.

A Ordered

Molecular

Y Structure of

. \| Frozen Water

"' Structure of
=
‘ Liquid Water

QI Random

Molecular

cQ) Structure of

Vaporized Water
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JniguesNaitiresoimWater T

- Colder water also r10lds 111072 oxygen
(and gases) than the same volume of
water.

’ Great for all those orgcnisims living at
the ocean floor.

w, even though colder water is

dense than warmer water, this
when the ,wa’reﬁ |

(eeze:.\\’.:/



Uniquz MNaruez of Warzpe
> Water expands as it freezes!i!!

> Due to all of the air trapped in it.

> Since the same weight of water
occupies more volume in ice than
liquid water, ice is ]2== Jz,32 than
liquid water.

- So it floats!



Uniquz Narurez of Werze

> This is fantastic for the
organisms living in areas where
freezing temperatures are
common.

> Ice acts as an insulating blanket.

> What would happen if the ice
stayed at the bottom?



> If ice did not float, a bod¥ of
water would freeze from the
oorror Uo and eventually the
whole body of water would freeze.

> This would not
be great for e —
all the organisms b "
in that water. :

U i s e
o R 2 S A L
SRR TS

o g



> Since ice floats, the floating ice
creates a barrier between the air
temperature and the water below
the ice, keeping it from freezing.

> Whew, the organisms under the
ice are safe!  ES

(from freezing == ..
anyway!) _ ,

......
Ryt s £
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- What is special about water in
its frozen form relative to
organisms?
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https://www.schooltube.com/media/t/1_jh83yjhj

HeairananVaier e
- It takes a |0t of nzar to melt icel

> Water molecules in ice vibrate but
do not move form place to place
within the crystal.

ddec; heat ma(l;efs the molecules
aster and faster eventually
ing some of Theﬁ!& |

t ,Qelts;‘ - y
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*Water has a high 7z <7
CAPUCTiVA

* This means

that it takes ...

specific heat




HeaipanaaWajer
* This is great for marine lifelll
Why?

* Most marine organisms are | /0T
subjected to rapid changes in

N M = __J Amazing. '1.'
Why are not - f 7N Waitno! ¢
heating # I 5 = _ ~ | hate your

up. Today is the £ = > | = & : : 2 special
hottest day. . : \ ™ o : P e | abilities!

I have a high specific
heat. This means the

! ab:g?bh:ve tge':ta‘_‘: ")“r% | keep marine life cool.
amount of heat | can Ol NICat . oraer | store your heat at day
absorb or lost of 1 g. of el to break my hydrogen and at night | release it

bond. However when |
cool down | release heat
and form hydrogen bonds.

water to change temp. by into the air. You can

1 Celsius. I'm a slow
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{\\Water carries
| heat energy

-

Gulf Stream

Sargasso
Sea




HeaitanaNaier "

* Water also absorbs a great deal of
heat before its temperature rises.

* This property, know as izt
(“JJ_)J(“ \/

j12r’ has one of the highest heat

ities of any m’rtmR

substance.” ==




Heaipana\Vaier ‘

- The amount of heat needed to
melt/freeze a substance is called
the |27 n1zar of
HISIONYANeIS IR

> The amount of heat needed to
aporated/condense a substance
ed the | 7=/ fizcr of




GariGonnecions ‘

- Did you know that water is used
in the cooling system of cars ?

* Water can absorb a lot of heat
with out grea’rly increasing in

When the engine is
ssssss , the water
pump connected to it
= |

also begins to pump
ttttttttttttttttttt
engine cylinder from
the lower radiator tank
tttttttttttttt

Coolant

Lower Radiator



WhGaIRISES Al
* Salinity ~ is a measure of how
much salt is in the water.

> Ocean water has a high salinity,
esh water has a low salinity.







e e S

Seawater sampling

A lekm Bottle I \GRERA
1n action ,



HoWAISISAlIRINVAEXpressed? ‘

- Salinity is expressed by the
amount of salt found in 1000
grams of water.

- If we have 1 gram of salt and
1000 grams of water, the salinity
IS 1 part per thousand or 1 ppt.




Red Sea - 40 ppt
Mediterranean
Sea - 38 ppt

Average sea-
water - 34.7 ppt

Baltic Sea - 8 ppt {8 :

Limit on agriculture
Irrigation - 2 ppt

Drinking

water - .1 ppt *traditional ways to express salinity is in “parts

per thousand” or ppt

"%Emy waker
rine pools
50+ ppt

saline water

seawater, salt lakes
30-50 ppt

brackish ws
estuaries, mangrove swamps,
brackish seas and lake, brackish
swamps

.5-30 ppt

firesh water

ponds, lakes, rivers, streams,
aquifers

0-.5 ppt




SalipWaser ‘

- Salinity is Measured using

J Flydeomerze ~ floats based on
density

JNzfpacioizrze ~ Light bends
differently in different densities

Conge JJrr /it/ ~ more saline = better

7iog) ~ Chemical m
amou‘ of CI- ions’ "
-




Wholdiscoverediaverage salini:

- This average salinity was
obtained by /V/illlcys Dirrsics in
1884 from chemical analysis of
77 sea water samples collected
from many parts of the world

ring the expedi’rion of the




IHow,aoesioceanisalinii
fresiWaTesalinNVACOrpare?

2 Cezey) Saliniry 15 agotiiel 39 oo,

NI

SEUSU JJ\/sts T kelf]
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F'xz 0Ceans cm‘rmuz 10 gz"r-‘

AAUESONHENBIOWING:
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crosion of the land
\\/w" rico down of mountains
iss0)virng action of rain and streams
\/JJCJf ic eruptions
zinllea) pzacrior between seawater

T, newly formed volcanic rocks
ing zones (i ’%’@m ol
d-oq& ridge®y. ’




sulfide (HS
_~\ chloride (Cl
etc

sodium (Na*),
potassium (K*),
magnesium (Mg**),
etc.

——

Oceans pick up
dissolved solids s
from a variety of
sources

sulfide (HS™),




Do) alifodies o \/ur»r nave ‘

AOUNRIHISISERERSE RN 2
NG
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’ Different bodies of water have
different salinities. Rainfall,
evaporation, river runoff and ice
mation cause the variations.

' ed |s dllu‘l'ed b
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Noiti SorSaliyaSed \/\/a"rer

* Low salinities occur in polar seas
where the salt water is diluted
by melting ice.

- —————




Atlantic Ocean at mout of
Amazon River




The SalfiesitSeaWaier .

- Salts become concentrated in the
sea because the sun's heat
vaoorizzs water from the surface
of the sea and leaves the salts
behind.

e saltiest water (40 0o 1) occurs
‘RediSeny: (il PM,

e rates of evaporatio ~
high. \\.;J




- , Red Sea

4

&




-

e mosirconmonisaliz:

- About 85% of that salt would

be sodium chloride (NaCl ) which
is ordinary table salt.




ine nrn IOR0IE Seawater
at' 35/ ppiSalinity,

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Table 3.1

The Composition of Seawater of 35%0 Salinity

Although the concentration varies slightly from place to place in the ocean,
the percentage of total salinity of each ion remains constant.

Percentage of
lon Concentration %.  Total Salinity

Chloride (CI7) 19.345 55.03

Sodium (Na™) 10.752 30.59
Sulfate (S04~ %) 2.701 7.68
Magnesium (Mg*?) 1.295 3.68
Calcium (Ca*?) 0.416 1.18
Potassium (K™) 0.390 111
Bicarbonate (HCO;") 0.145 041
Bromide (Br™) 0.066 0.19
Borate (H,BO;") 0.027 0.08
Strontium (Sr*?) 0.013 0.04
Fluoride (F7) 0.001 0.003
Other dissolved material <0.001

<0.00| ' /



Whatiisia sali? T

- Salts are made of ions (charged
particles).

‘Example NaCl is made of
Na* and CI-

at happens when salt is
In water?

1dissolve@ |
‘ \v




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

—— Sodium ion
— Chloride ion

@ Sodium ion

® Chloride ion
B Water molecule



Water molecules surroun
insulate the ions from each ot
because the + is attracted to the

Oxygen and the - is attracted to
e Hydrogen of water.

@ O ud
~.8+ ~’8+ {\h
e 57
.,.-;8 ’ 3 28-
3 :- i
5 : §° R Na"l‘
) o g W 5 25"
o | ,

e

s 5+ ?'( |
50 O s o
00 .o :

olightly positive hydrogen are Slightly negative oxygen are
attracted to chlorine anions attracted to sodium cations



SOIU < (:,g ) 0) \/gn-]»

> Solurz- the dissolved materia
-Ex. NaCl
> So9lvzir- What the solute is

2d in.
Water
SOLUTE SOLVENT SOLUTION )
Substance Liquid the solute Solute dissolved in

dissolving dissolves in solvent -



NUlZ of Corlsrerhi Pr por”‘rfom

- States that relative amounts of
various ions in seawater are always
the sainz.

W18 F et TisoorTarr?

ause organisms don't have to deal
ifferent proportions of salts,

Ingioial concgiim
' | - - ‘
\\_’J
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“The
Endless Voyage
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' Temperature,
Salinity and




s/
- What affects the density of

sea water?
‘Temperature
“Salinity.




String of
water




A rosette of sampling bottles and other instruments




Temperature (“C)

Water COlumn 0 10° 20°

profile for
temperature

Thermocline




19 Century
Oceanography

BEANUDA w BALITAN

oy W wam o b S

Chart from HMS Challenger
Expedition




Ocean surface temperatures — easier than taking millions of
Niskin samples (assuming you have satellite).




Saliniy,iemperaiure s Density

OCEAN TODAY



NOAA_TakeOceanTemp_2Mb.mp4

U1

aliniy,Sliemperaitre d Dens m

- Temperature has a greater
effect on ocean water because
it is more variable.

mperature varies from about

+30° C (28°-86°F !
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solved Gases T

> Gaszz are also dissolved in
seawater.

’ The 111722 most important gases
in the ocean are:

~Oxygen
bon dioxide




DIsSsolVeaGases ‘

- These qgases are found in the
atmosphere.

* They are dissolved in seawater at
the s /7qcz. Sometimes, gases
re released from the surface
the atmosphere.




DissolveaiEases

e

Gas Exchange

02 Atmosphere



How does fermperasire JmpN
02 dollif/ for gaszs to disgo) 22NN

> Geszs dissolve better in cold
water.

hereas, most =olicJs dissolve
rat warizr temperatures.




Animalsicanuimpacisiine Jrfm

Ol GasSesHnIseawEiess

* Like other «zrooic organisms,
many organisms in the ocean
utilize oxygen and expel carbon
dioxide.




Animalsicanimpacisine amount
OirgasespIsEaWaser

» Water flow
over lamellae
showing % O, Blood flow

through capillaries
in lamellae,
showing % O,

filaments

Countercurrent exchai



CondiiionsiarenosinesSame am
Depins
- Conditions at the ocean floor, in

the water column and at the
surface can vary greatly.

> Oxygen content, temperature,
linity and other factors are
Y2py cliffzezir from one

0 another. sl




Focus @uestioh ‘

* What affects the density of
sea water?




r! OCUSI@UESHIoNn

* What affects the density of
sea water?

ACHPEI e
=Salinns




Fressire
- Organisms on
land are under 1

atm of pressure
at sea level.

° Marine organisms
der the

f the

2 the

BE. N



Pressiire

- Water is heavier
than air.

¥ Therefore marine




* Pressure INCREASES with
DEPTH.

* With every 10 ,,,, T v

m (or 33 feet) @

f increased ...

h, another @
ereof ... | | “™"CJ




CondifionsiareseisinessSame ai All
DEpPiiS

8.85 km (29,035 fi)
Mount Everest g3 pq (po,7.1 kPa)

N
o

Altitude (km)
o

\.Avercge sea,levej pr,gssure;
‘ 101.3 kP 1.3 kF

o

N
& —~

O 10 20 30 40 50 60 70 80 90 100110/

Atmospheric Pressure (kPa)



E =) =y g g £ E
) © © = r~ o
() ) a e o 2 ©o
= = = 15 A
E E E E £ £ £
=} o o o o
2 ® R 8 R g

=20 |1g Bnas

syun 2o 1o \isd) you suenbs jad spunod ‘sieq (wae)

salaydsowe Ul pRUNseEall 34 UED 2UNssald passaudwon ale uco)eq pal auyl 2| saumoanns paju-seb ajqa) ‘sasesdow)
aunssaid ) sy 2unssasd ayy 12ieaub 2U) pUR 2008 WoJ) WAMOpD s25520d 1318Mm 200W 241 s20b Janp 2 Jadasp ay)
UwinpoD Ja1em auyl Jo biam suy Jeapun osje 2le Janamoy swsiuebin sulew pue siaa] aaoge s sssydsoune sy Auo
‘PUB| UD 1D 23BLNS B35S YT 1Y 2A008 WOl usop Guissad ybiem 2y uo spuadap 2oed Aue e 2unssa0d 241 #LE 34NSIE




Conditionsiaresoiahiessame at All ‘

- Pressure is also qreater the
deeper the depth.

> Water at the bottom has the
weight of the water above it
ushing down on it (which means

organisms living there also
ience this pre& \




Pressire T

° As pressure increases, gases are
compressed.

* Gas filled structures inside
organisms like air bladders, lungs
- shrink or collapse.




Pressire

- Limits depth range of many
organisms.
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T

> This means that sunlight shining
on the surface can penetrate
the surface (great for those
photosynthetic organisms living
under the sea)

ransparency.

IS level of penetration varies

tly depending on.thew,
\solue in theswater. ’




.

* To illustrate that point, imagine
the crystal clear waters of the
Bahamas (or other tropical
locations you may have visited
or seen

in photos).

ransparency.




NIRANSPARSHEY.

ru'.“ .

- Compare
thiswith
the less N
transparent -
water at

o




Iransparency .
- The difference is rivers.

> Several rivers in North Carolina
&/or Louisiana empty into the
Atlantic.




NiRansparency.

- Sea water is transparent.

* Sunlight can penetrate into the
ocean.

* This is very




NiRansparency. -‘

* Turbidity is measured with a
secchi disk.

’ Water transparency depends on
how much and what kind of
terial is suspended and

lved in the water.
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| FANSPArENEY.

Secchi disk

NN

i

e

i i | S )

cloudy water r. e

> Ex. Muddy |

water reduces
transparency.
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quantities of
plant life

s S Tra;ns\@ncy. ’
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DArEncy,

High water
Low water -
< Pelagic realm =|
. ~—_Oarweed (to 2 m) Man-of-war Turtle Iy
f% (to50m) (60 to 180 cm) S
. & Brain coral e % (e, ; : otic
Intertidal S APANY (to1 8 m) <& > /3 ‘!;!u!’( zone
zone Phytoplankton Zooplankton * Blue shark
(to 2 m) : "X' 200 m
Continental shelf

Seapen |
(to 45 cm)

X ‘

O

Benthic realm
: (sgaﬂoor)

Brittle star
(to 60 cm)

*.

& 4

> “Twilight”

1,000 to
4,000 m

Aphotic zone

y
4

No light

& 4

6,000 to
-L10 000 m




Transparency,

- Water near the coasts is
generally not as clear as ’rha of
the open ocean. | S, o4




ROV GBI -

> Sunlight contains all the colors
of the visible spectrum.

* Not all colors of light penetrate
seawater equally.

\ -

~a ~

o
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ROY.CIBILY

Electromagnetic spectrum of sunlignt

Gammal X jiirayiol Infrared| Rador Radio and
s | raysl waoves waves | waves lelevision waves
= Shorter waves / LONGE! WOVES ee—
Visible Lighi
wovpfength (nm)
ACY) o) {11 JCO A0l 50K acn 7030
Surface ] ‘l l Surfcce] ] T
o blue S red
=loligle T Qrecny )
Aen I abolf 20 m vellow
Transmssion of light in coastal marine waier
J ] o>
IAUS . A0 S0 & o0

Sur’fcce] DT‘ | ﬂlh ]

o

Transmisslon of light in estuarine water

Transmission of light In "pure” fresh or saltwater



ROV, G BLV.

- Different colors
of light penetrate

to different

C epths in the

deepest

= Red
least:

Visible light

Depth
m ft
& O

10 33 4

20 66

30 98 -

40 131+

50 164 +

60 197 4

70 230 -

FIGURE 311 Different of ligh tp """ ate to different depths in the ocean

In clear ocean water blue lcx t pen s the deepest, red light the least.
Coastal waters often contain materials that absorb blue light so that green
penetrates deepest



PROICIZONRE

.

- The upper regions of the ocean
where photosynthesis occurs.

* Depth of photic zone is
~determined by how rapidly light







Whatawereshose
dimiRIsSINIGRAPEN

o Dissolved substances

spended material

\

pulations
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Photic versus Aphotic zone
Sunlight Availability

Photic zone: Critters:

* Euphotic zone-
portion of photic
zone where ¥
photosynthesis occurs i

* 0-200 meters
* The sunlit zone

Aphotic zone:

* 200 meters to ocean
floor

e Little to no sunlit zone




Deni and
= Ocean Layering
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Hermoecline

* A subsurface zone of rapid l
temperature change.

‘) The |Gyer' summer winter

Temperature (°C)

Temperature (°C)
1 v | . l | 1




Rermociine -

- Temperature  revous

e [ecrease in temperature *C

changes rapidly , - _sc e e xc e
from the mixed | . e
layer to the "
deep water -
layer. "
nt vertical ; =
E
fthe : -
| EEL "
N EEE———




1.023 1.024 1023 1026  1.027 1.028 1.028
0

Pyc no C I i n e Increasing Density [gfem® —



http://www.windows.ucar.edu/tour/link=/earth/Water/images/density_depth_jpg_image.html

Waer ol Proﬁle

Salinity (0/00) Temperature (°C) Density (g/cm?®)
11'43 314 35 36 37 5 110 115 210 215 1.923 1.0125 1.0127 l1.0?9

| | | |

Surfac? layer

Permanent or main "
thermocline

-

Intermediate layer

Depth (m)

Deep layer




Temperature
profiles vary
with latitude |

Temperature (°C)
10 15 20 25

l | | |
’

Tropics

Temperate




Thermohaline Circulation

Heat release
- to atmosphere

/

‘ A 4
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4 . . - r
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. . Cold saline
) / deep current
/

Heat release
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OceaniLayering -

> Despite repeated mixing by
winds and currents at the
ocean's surface, the ocean is
still stratified into three

layers:

=Sllgfdez Ja/ze = from surface
about 200 meters; this

stays well mlmf
& u




Ocean Cayering “

—Lizemzdiarz layze - from 200
- 1500 meters; major
temperature change
(thermocline) is located here.
Less mixing occurs here.

»

anigi) layze - below 1500
rs; low mixing and
ly uniformly €ofd——

LS




Three-layered




WG’LOBAL
CONVEYOR BELT



4tuna_WinCurTid_A_2Mb.mp4

Ocean Circulation T

~ Circulation within the ocean is
significantly driven by wind
patterns.

/inds are ultimately driven by



Ocean Circulaiion ‘

- As sunlight heats air, air rises.

- Cooler air rushes in to take the
place of air that has risen.

> This movement is the source of
winds.

ver notice how the winds at
coast are stronger &gring
'l'han at. nlg ( ’:—-—é \




Warm air rises from
equatorial regions

M
Solar
; M
¥ g g energy
Equator
(0%
v Air blows in to replace rising

air, creating trade winds




Qcean Cirellaiion ‘

> Winds created in this manner
continuously at the equator are
known as the Traclz Winds,

2 The \/2512¢)/ 5 in the mid
ifude and the s i2r/iz< at

les are less consistent
e Trade Wi nf,—-—:\

pe—————
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FIGURE 3.20 The major surface currents of the oceans. In the main ocean basins the currents combine to form large circular systems called gyres.
Source: Bill Ober




@cean Gircuiaiion

> Currents are
o a product
the wind.

can be

FIGURE 312 When a steady wind blows over the sea surface, the
k uppermost layer moves at 45° from the wind direction. Each deeper layer
moves farther to the right in the Northern Hemisphere, shown here, or to the
left in the Southern Hemisphere. When the direction of the current at each
depth is plotted, the result is a spiral, called the Ekman spiral. The net result
of this process is that the affected layer of water, called the Ekman layer, is
transported at right angles to the wind direction.



@cean Girellaiion

Ekman Transport

North Atlantic

Current
Gulf /
Stream

Canary
Current

Ekman transport forms dome
e - -

... Which sinks . . . com- ‘
pressing the layers beneath

... forcing those
layers to spread
Thermocline is pushed deeper

——

N ———




ourface currents rlow around the
Periphery of Ocean Basins

,\
,E\
s
-
!
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e
\

90° 1o the right of wind
direction is up here

The effect of

Ekman spiraling

and the Coriolis

effect cause the
water within a gyre
to move in a
circular pattern.




r! peUS @UEsiion ‘
- Describe a thermocline.

* Is it always constant?




FoCUs @UesHion

- Describe a thermocline.

constant?



Surface Currents Are Driven by the
Winds

A combination of four forces — surface winds, the

sun’s heat, the Coriolis effect, and gravity — circulates
the ocean surface clockwise in the Northern

Hemisphere and counterclockwise in the Southern
Hemisphere, forming gyres.




Surface Currents Are Driven by
the Winds

What are some effects of ocean currents?

- Transfer heat from tropical to polar regions
— Influence weather and climate

— Distribute nutrients and scatter organisms

Surface currents are driven by wind:

- Most of Earth's surface wind energy is concentrated in the
easterlies and westerlies.

— Due to the forces of gravity, the Coriolis effect, solar energw[./
and solar winds, water often moves in a circular pattern called
a gyre.

=



@cean Glreuiaion ‘

- Both winds and the currents they
drive are affected by the Coriolis

Effect.

’ Because the earth spins
tinuously, anything that passes
e earth is defle




ré

MajoriSurfacercirrent

SURFACE OCEAN
CURRENTS
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(a) (b)

FIGURE 316 The Coriolis effect. (a) Imagine someone fires a missile at Charleston, North Carolina, from the North

Pole. As the missile takes 2'2 h to reach Charleston (b) Earth rotates under the missile while it is in the air so that
the missile ends up hitting San Diego, California. From space it is clear that the missile moved in a straight line
(black arrows) and Earth rotated, but to an observer on Earth it looks like the missile curved (red arrow). The Coriolis

effect would still apply if the missile was fired from east to west. Can you think of ways to explain this?
(a & b): Source: Bill Ober
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https://www.pbs.org/wgbh/nova/earth/coriolis-effect.html

WS ciglel CUPEZ TS -
*Winds ~ Coriolis zrrzer

‘a point rotating at the equator
moves faster than a point at a
higher latitude

‘path of air mass appears to
curve relative to the earth's

rface—to the Me
hern Hemispherg;lert in




Rotation

(@)

© 2006 Brooks/Cole - Thomson




Rotation

(b)

© 2006 Brooks/Cole - Thomson





https://www.pbs.org/video/what-coriolis-effect-ayondr/

The Coriolis Effect
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@ceaniGirculaiion

-

*In the norrzer hemisphere,
winds and currents are
deflected to the rigii7.

In the S0z hemisphere,




Qcean Gircllaiion

- This deflection termed the
Coriolis Effect. Since the Earth
IS Suinning, it causes this
czflzcrion of winds and
currents.

deflec'non often causes



@cean Gireula
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FIGURE 3.21 The average sea-surface temperature of the oceans is strongly affected by the ocean gyres.
Source: Bill Ober




Thermohaline Circulation

Heat release
- to atmosphere
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@cean Girellaiion ﬂ

- Some of the differences seen in
different parts of the ocean
are due to circulation patterns.

¥ Clr'culahon can occur as waves,
, currents and gyres.




@cean Girellaiion ‘

- In some locations, large volumes
of water may sink or rise.

* Water =i/;.c due to changes in
temperature and salinity - this is
Known as an area of <lowi-wzlling.

-welling brings om
ace to deep S.

\ \\J




QceaniGirecllaiion

* Areas of Uoyy=]lirg come

from currents that push deeper
waters toward the surface.

2 NUrgizirs are much more
entiful in the deeper layers, so

areas of upwelling are

icial for organi&ﬁ \
=

trea Ny =




wWind Can Induce Upwelling_near
Coasts

Coastal upwelling: Northern Hemisphere: caused by
winds from the north blowing along the west coast of a
continent. Wind from

north

Oregon-

Ekman m California

transport

To the west

Thermocline{: :

-
-—-—"’




INULIISTIL=I\ICI] VVdLlEel NNISECs 11€dl
the Equator

« Upwelling s the upward motion of water.
This motion brings cold, nutrient rich water
towards the surface.

/N
W T g o 07, e 7 5°N
/‘ g
Equator —/_:" N = =/~ = (" latitude
— : - South
Equatonal
~100m Current
(330 1t)
Southeast
trade wind
Equatorial undercurrent >
> (>100m)




Other types of upwelling

« Equatorial
upwelling

 Offshore wind

 Sea floor
obstruction

« Sharp bend In

coastal geometry — —— v mon A N
Equatorial upwelling




vwina Lan Aiso Inaguce Loasial
Downwelling

Coastal Downwelling : Areas of downwelling_are often

low in nutrients and therefore relatively low in biological
productivity.

Wind from
south

Exman

Oregon-
transport

gy California
To the east

Thermocling




Coastal upwelling and
downwelling

West Coast
Southern Hemsphero

e

Retation
of Earth

®)




Wayes ‘

> Waves are the result of wind
blowing over the water's
surface.

’ The size of waves depends on
how long and fast the wind
ws: longer and faster equals




\Waves ﬁ
- The size of waves is also larger

when the fetch is larger.

 Fzrcs is the amount of open
water a wind blows over.




Waves _ "

* The highest point of a wave is
the <rzs7, the lowest point is
the 1rougr.,

> The distance between two

crests (or two troughs) is the
 wavelengimn

> time is takes for a wave to
a set point iﬁa




Wave Structure

‘«Wavelength—-»'.
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Direction of propagation




FOCUS QUESHIIoH ‘

* What are the parts of a wave?




Focus @uesiion

PARTS OF A WAVE

WAVE CREST
\ ‘ <— WAVE LENGTH —

T \.-~“AMPLITUDE

WAVE
SEALEVEL = = - e =
HEIGHT

SECOORA

Southmart: Comtl Ocaen Cimerving
‘Amacistion




ides ‘

- As waves near the shore
(shallower water), the bottom
of the wave "drags"” the bottom.

> This forces the waves to slow
move closer together

er waveleng’rhA

—
pe—————
| B ;




Tiides T
- Eventually, the "drag" causes
the wave crest to fall over - we
call this a wave break. The s
caused from breaking waves
displaces lots of sand which
ects 'rhe orqanusms living
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aes I‘

» =>4 The periodic short term changes
in the hei?ht (rise or fall) of the
ocean surface at a particular place.

’ Caused by a combination of:

2 Digrarcz between the Earth, moon
and sun

2 ae\brerriondl forcz of the moon and
e sun and the motion of the Earth

's influences 2x' tis

(he E‘h). s




Wel2s ‘

- The longest of all waves
> Wavelength = 3 Earth's circumference
’ They are always in shallow water

- The fastest
oughly 1,600 km/hr (1,000 mph)
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ides

> Wrlerr causzs rrig rlcdzgy

-

(0

—Tides are caused by the
interaction of the Earth, Moon,
and the Sun.

—Gravity is the reason for tides.

vity is the force exerted by
ject that pull

&)waﬁ. —_ /




TIDES

Low ticle

High tide

Low ticle




Nides T
> The Moon's gravity affects the
water pm Earth's surface.

’ Since the Moon is close to the
Earth, it has a strong
gravitational pull on it (closer
jects have stronger
itational pull).




el25 -

- The Moon pulls on the water on
the side nearest to it and
creates a bulge of water called
a tidal bulge.

> The water on the side of the
Earth facing away from the

oon has a less s’rr'ong Egl
ater is “left
Qond Qla ’







Tides T

> As Earth rotates, different
place on the planet's surface
ggss through the areas of the
tidal bulgies and have the change
in water levels.

? S0 ... In places where there are
idal bulges, high tide is

rring along their cogstlines.
S =




ides "

- Most locations have two high
tides and two low tides eact
day, known as semidiurnal tides.

*Normally, tides at night are
higher and lower than day time
iaes.

\v
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Tidal range is the difference between high and low tide.




The Bay of Fundy, Nova Scotia has the greatest range in the world
~53 feet.
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High tide (left) and low tide (right) in the Bay of Fundy in Canada. Image
credit: Wikimedia Commons, Tttrung. Photo by Samuel Wantman.
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Images taken from google images
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Island
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1838 0613
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|\ submerged submerged
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bulge

Py

Gravity
bulge

Earth turns
eastward

| 0000 (midnight),
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and dry - '




iNcaes -

> Number and size of tides can be
affected by bottom features,
geographic features such as
islands, canyons, reefs, etc.

* The amount of difference
. between the high and low tide
tidal range) is also affected by

bottom features.




]
lides

* The Sun is so large
that its gravity also
affects tides




Tides T

* Sorir tides occur when the
Moon and Sun are pulling
together.

NE edp tides occur between the
g tides when ’rhe sun and
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