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Introduction

The ocean is dynamic place. Ocean currents transport
Important quantities such as nutrients, heat and pollutants
around the world, sometimes with direct impact on humans.



Topics covered

AThe heat budget
ACoriolis Effect

AThe ocean circulation
A Surface winebriven ocean circulation
ADeep density driven circulation



Overview
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ATo maintain an average temperature, the incoming solar

radiation has to be equal to the outgoing solar radiation.
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AThe atmosphere and the oceans work rginp to balance the

solar heating imbalances.

AWithout the redistribution of heat by the oceans and
atmosphere, Earth would endlessly heat up.



Solar radiation

ELECTROMAGNETIC

RADIATION

I‘ SOLAR RADIATION

Solar radiation also called sunlight or solar energy is electromagnetic radiation
emitted by the sun.
A It provides light, heat and energy to Earth.
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ASun produces approximately 64 milionWWra dc nnne/ 0
in all directions.

AIAt travels travels 150 million km to be intercepted by
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Alt takes a little more than 8 minutes to reach earth.
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To determine the average amount of solar radiance that
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to the sun.

AEarth is not flat, it is a rotating globe, therefore the sun sees
one half of earth at a time.

incoming sunlight

/ surface area lit by equal amount of light

__



What influences solar irradiance?

Solar irradiance is influenced by:

AThe angle of sun due to latitude, season, and time of the
day.

AElevation above selevel

A Atmospheric effects: cloud coverage and air pollution

Less iIncoming radiation = Less heating



Latitudinal differences

ADistance travelled by radiation is lower when the sun is
overhead, hence it Is greatest at the equator.

Alt decreases with latitude from the equator as the
hemispheres are tilted away from the sun, hence the
radiation travels greater distances through the atmosphere.
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Diurnal and seasonal cycle
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until noon, and then increases until sunset.

AThe angle is greatest in the morning and evening.
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A hemisphere tilted towards the
sun (in summer) will have the
greatest irradiance.
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At the equator, it is greatest all
year round.
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Diurnal and seasonal cycle

ASolar radiation levels also fluctuates with seasons.
Alt is constant at the equator throughout the year.

Alt peaks in the northern hemisphere around June or July
(summer).

Alt peaks in the southern hemisphere around December or
January (summer).
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Diurnal and seasonal cycle
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The further a city is from the equator, the more the solar radiation received
will fluctuate with seasons.
Sydney is in the southern hemisphere = low irradiance in winter {Julyg.



The Heat Budget

A To maintain its longerm mean temp of 16°C Earth+adiates as
much heat back to space as it receives from the Sun. The gains
and losses in heat are represented in the heat budget.
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A Clouds and aerosols reduces the amount of radiation reaching the
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solar radiance is the same but lower irradiance (less intense).

A Hence, humans gets sunburned without realising.



Global Heat Budget:
Incoming solar radiation = outgoing solar radiation
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exchanged with the atmosphere through conduction, radiation and latent heat (evaporatiumecipitation).

The heat (PW) absorbed by the atmosphere is eventually radiated back into space.
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Heat, Temperature and solar radiation

Aln the ocean, water absorbs
Infrared radiation and warms
up.

A90 % is absorbed in the first
meter.

AHeat is then transferred to
greater depths via convection
and mixing by the wind.




Variations in the Heat Budget Across the Globe
—

Light warm air Dense cold ai
EQUATOR POLES

A There is an excess of incoming shortwave radiation between 35 °S and 40 °N and a
deficit at higher latitudes compared with the outgoing longwave radiation budget.

A If equilibrium were to be maintained at every latitude the short and longwave radiation
should balance locally.

A The fact that they are not, and as local mean temperatures close to the equator are
not increasing with time and those close to the poles are not decreasing, heat energy
must be transported from low latitudes poleward.

A This is achieved by circulation within both the ocean and the atmosphere, transporting
heat away from the equator towards the pole and maintaining a higher temperature at
latitudes greater than 50° than would be possible.



Atmospheric Circulation in the absence of rotation
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Coriolis Effect

ACoriolis is a pseudfrce due to the rotation of the
earth.

Alt causes moving objects to deflect to the left in
southern hemisphere and the right in the northern
hemisphere.

AThe object has to be travelling long distance and not
firmly connected to the ground (i.e. air and currents).



What is Coriolis Effect?

Due to the earth's rotation
=

Objects deflect to the right
in the northern hemisphere

O—

Northern Hemisphere

Southern Hemisphere
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Objects deflect to the left
in the southern hemisphere
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A It causes air and currents in motion to deflect from their
path, as seen by an observe on the earth.

A Coriolis does not force anything to happen. It is an effect.



CoriolisForce

There are two reasons for this phenomenon:
1. The earth rotated eastwards

2. The velocity of a pint on the earth is a function of latitude
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Coriolis Force

Maximum deflection at pole
NP

Coriolis is zero at the equator
and increases to the poles.

sSP
Maximwm deflection at pole



Coriolis effect in redife: Northern Hemisphere Example

A A plane takes off fronTity Ain the northern hemisphere

A The pilot wants to land i€ity Bwhich is 1000 km due north @ity Aduring takeoff.
A City Bwould have moved east during the time it takes the plane to fly 2000 km.
A Therefore, if the plane flies due north it would arrive wesCatly B

A To reaclCity B the pilot has to curve right while flying north.

A The opposite occurs in the Southern Hemisphere.



Coriolis effect in redife

A Coriolis effect is
the reason that
FANLI I ySQa TFi
paths appear
curved tracing
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(3-D).

A The path appears
as a straight line
on a 2D map.




The equatoipole temperature gradient drives our atmospheric
circulation patterns
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rapid rotation: significant coriolis effect

no rotaton: no coriolis effect

On a planet with little or no rotation, the global air circulation pattern is very simple.
On a planet with rapid rotation, the coriolis effect creates large-scale eddies with
belts of wind and belts of calm.
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What drives the atmosphere?

window
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radiator

Cool air falling

Simplified!! Warm air rises and cool air sinks; a convection current forms
In a room resulting from uneven heating and cooling.



Low pressure

(converging air)

High pressure
(diverging air)
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there is a convergence of mass and moisture between cells,
uplift leads to drying (because cold air holds less moisture),
air in the area of subsidence is thus dry



Global rainfall distribution

TRMM sensor - rainfall

Highest rainfall is found in the equatorial zone



What do we know so far?.....

A We learnt that ocean currents also play a role in the global heat
budget.

What are those ocean currents?

A There are two type of ocean circulation:

A Surface winedriven circulation limited in the upper 1000 m (1 km), it is
more vigorous.

A Deep densitydriven circulation, it is full depth and slow.

A Ocean circulation is influenced by the atmosphere.



Surface circulation

A

A map of the ocean showing surface currents driven by
winds

The warm currents found on
the western side of the
ocean basins transport
warm water from the
equator to the poles.

Cold currents on the eastern
side transport cold waters
from the poles to the
equator.



