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MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

As air masses move from the 
tropics toward the poles, they 
cool, descend, and eventually 
return to the tropics in a giant 
loop. 

This movement of heat, known 
as heat transport,
creates large, systematic 
patterns of circulation in the 
atmosphere.

In the atmosphere, these circulation 
patterns are known as Hadley cells.
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MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

There are two Hadley cells 
between the equator and each 
pole. 

Hadley cells have both vertical 
and horizontal structures. 

Viewed in cross section, air 
masses in a Hadley cell rise at 
the equator, move toward the 
pole, and then descend.

From above, the circulation is 
clockwise, as moving air is 
deflected by the Coriolis effect 
imparted by the Earth’ s 
rotation.

Coriolis Effect

If the Earth did not rotate and remained 
stationary, the atmosphere would circulate 
between the poles (high pressure areas) 
and the equator (a low pressure area) in a 
simple back-and-forth pattern.

But because the Earth rotates, circulating 
air is deflected. Instead of circulating in a 
straight pattern, the air deflects toward the 
right in the Northern Hemisphere and 
toward the left in the Southern 
Hemisphere, resulting in curved paths. This 
deflection is called the Coriolis effect. 
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MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

In complement to the Hadley 
cells, in the tropics there are East 
– West-oriented circulation cells.

These circulation patterns arise when 
pressure differences across ocean 
basins drive surface winds in one 
direction, balanced by transfers
aloft in the opposite direction.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Trade winds (“ventos alísios”)

In the Northern Hemisphere, warm air 
around the equator rises and flows 
north toward the pole. 

As the air moves away from the equator, 
the Coriolis effect deflects it toward the 
right. It cools and descends near 30 
degrees North latitude. The descending 
air blows from the northeast to the 
southwest, back toward the equator. 

A similar wind pattern occurs in the 
Southern Hemisphere.
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MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Thus, they move westward along the 
equator in both the Northern and the 
Southern Hemisphere.

Where the trade winds (“ventos alísios)
converge along the equator, a zone of uplift
and cloud formation results,
which is known as the Intertropical
Convergence Zone.

The trade winds are balanced by return flows in the mid-latitudes by west-to-east 
blowing winds known as the westerlies.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Follow the wind patterns, forming large 
gyres with east-to-west flow along the 
equator and west-to-east flow at the 
mid-latitudes.

Ocean circulation patterns

There are five major ocean-wide gyres—the 
North Atlantic, South Atlantic, North Pacific, 
South Pacific, and Indian Ocean gyres. 

Each is flanked by a strong and narrow 
“western boundary current,” and a weak 
and broad “eastern boundary current”

When surface ocean currents strike continents, they deflect 
and follow the shoreline, forming boundary currents.
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MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

However, ocean current direction 
varies from wind direction by 15 –
45° progressively with depth, an 
effect known as the Ekman spiral.

The Ekman spiral occurs as a consequence of the Coriolis effect. 

When surface water molecules are moved by the wind, they drag deeper layers of water molecules 
below them. Like surface water, the deeper water is deflected by the Coriolis. 

As a result, each successively deeper layer of water moves more slowly to the right or left, creating 
a spiral effect.
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Ocean circulation patterns

However, ocean current direction 
varies from wind direction by 15 –
45° progressively with depth, an 
effect known as the Ekman spiral.

The Ekman spiral occurs as a consequence of the Coriolis effect. 

When surface water molecules are moved by the wind, they drag deeper layers of water molecules 
below them. Like surface water, the deeper water is deflected by the Coriolis. 

As a result, each successively deeper layer of water moves more slowly to the right or left, creating 
a spiral effect. Because the deeper layers of water move more slowly than the shallower layers, 
they tend to “twist around” and flow opposite to the surface current.
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MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

Upwelling results when along-shore 
winds move ocean water. The wind-
driven surface movement is deflected by 
the Ekman spiral, resulting in transport 
of water away from the coast.

This moving water has to be replaced, 
so water from depth is drawn to the 
surface. The movement of this cold, 
nutrient-rich water from depth to the 
surface is referred to as upwelling.
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Ocean circulation patterns

Winds drive ocean currents in the 
upper 100 meters of the ocean’s 
surface. However, ocean currents also 
flow thousands of meters below the 
surface. 

these deep-ocean currents are driven 
by differences in the water’s density, 
which is controlled by temperature 
(thermo) and salinity (haline). This 
process is known as thermohaline
circulation.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

Thermohaline circulation drives a 
global-scale system of currents 
called the “global conveyor belt.”

The conveyor belt begins on the surface of the 
ocean near the pole in the North Atlantic. 
Here, the water is chilled by arctic 
temperatures. It also gets saltier because when 
sea ice forms, the salt does not freeze and is 
left behind in the surrounding water

The cold water is now more dense, due to the added salts, and sinks toward the ocean 
bottom. Surface water moves in to replace the sinking water, thus creating a current.
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Ocean circulation patterns

This deep water moves south, 
between the continents, past the 
equator, and down to the ends of 
Africa and South America. 

The current travels around the 
edge of Antarctica, where the 
water cools and sinks again, as it 
does in the North Atlantic. Thus, 
the conveyor belt gets 
"recharged."

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

As it moves around Antarctica, 
two sections split off the 
conveyor and turn northward. 
One section moves into the 
Indian Ocean, the other into the 
Pacific Ocean.

These two sections that split off 
warm up and become less dense 
as they travel northward toward 
the equator, so that they rise to 
the surface (upwelling). 
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Ocean circulation patterns

They then loop back southward 
and westward to the South 
Atlantic, eventually returning to 
the North Atlantic, where the 
cycle begins again.

The conveyor belt moves at much 
slower speeds (a few centimeters 
per second) than wind-driven or 
tidal currents (tens to hundreds of 
centimeters per second). 

It is estimated that any given cubic meter of water takes about 1,000 years to 
complete the journey along the global conveyor belt. 

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

In addition, the conveyor moves 
an immense volume of water—
more than 100 times the flow of 
the Amazon River 

The conveyor belt is also a vital component of the global ocean nutrient and 
carbon dioxide cycles. 

Warm surface waters are depleted of nutrients and carbon dioxide, but they are 
enriched again as they travel through the conveyor belt as deep or bottom layers. 

The base of the world’s food chain depends on the cool, nutrient-rich waters that 
support the growth of algae and seaweed.
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Ocean circulation patterns

The influence of the 
thermohaline circulation is 
especially strong in the
North Atlantic, bringing in 
massive quantities of heat from 
the equator. 

This portion of the thermohaline circulation is known as the Gulf Stream. When
the Gulf Stream shuts off, it robs heat from two major landmasses near the
poles, greatly accelerating ice buildup.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

Glacial periods appear to end 
when the Gulf Stream 
strengthens, pumping energy 
northward to melt the ice
sheets. 

Whereas the onset of glacial 
periods appears to be more 
gradual, the end of the glacial 
periods can be dramatically 
rapid. 
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Ocean circulation patterns

Shutdown of the thermohaline circulation is one factor that clearly drives
rapid climate change.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

Meltwater from land ice in Greenland and North America enters the North Atlantic 
during warming, causing the waters of the Gulf Stream to become less salty.
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Ocean circulation patterns

This less saline water is less dense and thus cannot sink and complete the return 
trip to the equator.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

The thermohaline circulation shuts down, stopping transport of heat from the 
equator. The net result of the shutdown is colder conditions throughout the North 
Atlantic, especially in Europe.
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Ocean circulation patterns

An example of thermohaline shutdown took place during the transition out of
the last ice age. As conditions warmed, continental ice melted and meltwater
entered the North Atlantic.

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

Ocean circulation patterns

The thermohaline circulation shut down, plunging Europe into a sudden cold snap 
lasting approximately 1000 years
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The past MILLION years

Climates of the past

To go back before recorded human history, scientists have to rely on indirect
methods to unravel much of the story of the past climate. A particularly valuable
information source is the record stored in the ice that caps Greenland and
the Antarctic continent.

The past MILLION years

Climates of the past

These ice caps are several thousands of metres thick.

Snow deposited on their surface gradually becomes compacted as further snow
falls, becoming solid ice.
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The past MILLION years

Climates of the past

Analysis of the ice at different levels can, therefore, provide information about the 
conditions prevailing at different times in the past.

The past MILLION years

Climates of the past

The longest and most recent core reached a depth of over 3.5 km; the ice at the 
bottom of the hole fell as snow on the surface of the Antarctic continent well over 
half a million years ago.
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The past MILLION years

Climates of the past

Small bubbles of air are trapped within the ice. 
Analysis of the composition of that air shows what was present in the atmosphere 
for the time at which the ice was formed – gases such as carbon dioxide or 
methane.

The past MILLION years

Climates of the past

Dust particles that may have come from volcanoes or from the sea surface are also 
contained within the ice.
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The past MILLION years

Climates of the past

Small quantities of different oxygen isotopes (18O and 16O) and of the heavy 
isotope of hydrogen (deuterium) are contained in the ice.

The ratios of these isotopes 
depend sensitively on the 
temperatures at which 
evaporation and condensation 
took place for the water in the 
clouds 

(from which the ice originated)

The past MILLION years

Climates of the past

A temperature record for the polar regions can therefore be constructed from
analyses of the ice cores.

The associated changes in global 
average temperature are 
estimated to be 

about half the changes in the 
polar regions.
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The past MILLION years

Climates of the past

Such a reconstruction from a 
Vostok core for the 
temperature and the carbon
dioxide content is shown for 
the past 160 000 years, 

which includes the last 
major ice age that began 
about 120 000 years ago and 
began to come to an end 
about 20 000 years ago.

last major ice age

The past MILLION years

Climates of the past

Figure 4.6b extends the 
record to 650 000 years ago. 

The close connections that 
exist between temperature, 
carbon dioxide and methane
concentrations are evident.

last major ice age
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The past MILLION years

Climates of the past

Further information over the past
million years is available from
investigations of the composition
of ocean sediments.

Fossils of plankton and other
small sea creatures deposited in
these sediments also contain
different isotopes of oxygen.

The past MILLION years

Climates of the past

In particular the amount of the 
heavier isotope of oxygen (18O) 
compared with the more 
abundant isotope (16O) is sensitive 
both to:

-the temperature at which the 
fossils were formed and 
-the total volume of ice in the 
world’s ice caps at the time of the 
fossils’ formation that is linked to 
the global sea level.
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The past MILLION years

Climates of the past

For instance, from such 
data it can be deduced that 
the sea level at the last 
glacial maximum, 20 000 
years ago, was about 120 m 
lower than today 

HO  - warm period 6,000 years ago,  when temperatures were roughly a half a degree 
Celsius higher than now, and plant life flourished in the Sahara.

Current Earth

Holocene optimum (HO) 

Last Glacial Maximum

The past MILLION years

Climates of the past

and that during the last 
interglacial period, about 
125 000 years ago, 

it was likely between
4 and 6 m higher than 
today due to some melting 
of the polar ice caps in both
Greenland and Antarctica.

Biome maps for current Earth (top), Holocene optimum (HO, 
middle) and Last Glacial Maximum (bottom).

HO  - warm period 6,000 years ago,  when temperatures were roughly a half a degree 
Celsius higher than now, and plant life flourished in the Sahara.
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The past MILLION years

Climates of the past

Variations in the volume of
ice in the ice caps can be 
reconstructed over the greater 
part of the last million years.

In this record six or seven major 
ice ages can be identified with 
warmer periods in between, the 
period between these major ice 
ages being approximately 100 
000 years.

The past MILLION years

Climates of the past

The cause of regular cycles in 
climate? Sun’s radiation?

Has this varied in the past in a 
cyclic way?

So far as is known the output of the Sun itself 
has not changed to any large extent over the 
last million years or so.
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Climates of the past
Current events in the Earth’s orbit

The orbital ellipse goes through each of the six Earth images, which are sequentially:
- the perihelion (periapsis—nearest point to the Sun) on anywhere from 2 January to 5 January, 
- the point of March equinox on 20 or 21 March, the point of June solstice on 20 or 21 June, 
- the aphelion (apoapsis—farthest point from the Sun) on anywhere from 4 July to 7 July, 
- The September equinox on 22 or 23 September, and 
- The December solstice on 21 or 22 December. Note that the diagram shows an exaggerated 
representation of the shape of Earth's orbit.

Equinox" is derived from the Latin 
aequus (equal) and nox (night), 
because around the equinox, the 
night and day have approximately 
equal length

Milutin Milankovitch cycles

Climates of the past

Milankovitch theory describes the 
collective effects of changes in the 
Earth's movements upon its climate,

Milanković mathematically 
theorized that variations in :
1 - eccentricity, 

2 - axial tilt, and 
3 - precession of the Earth's orbit 
determined climatic patterns on 
Earth through orbital forcing. Circular orbits – favour glacials

Elliptical orbits – favour interglacials –
Earth passes closer to the sun – more 
melting.

Orbital shape (eccentricity)
Varies  with a period of 100 000 years

http://en.wikipedia.org/wiki/Apsis
http://en.wikipedia.org/wiki/Equinox
http://en.wikipedia.org/wiki/Solstice
http://en.wikipedia.org/wiki/Apsis
http://en.wikipedia.org/wiki/Earth
http://en.wikipedia.org/wiki/Eccentricity_(orbit)
http://en.wikipedia.org/wiki/Axial_tilt
http://en.wikipedia.org/wiki/Precession
http://en.wikipedia.org/wiki/Orbital_forcing
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Milankovitch cycles

Climates of the past

Reduction to 21º – causes glacials – less summer melting at the poles

Increase to 24.5º - causes 
interglacials – more summer melting 

Axial tilt (obliquity) (varies  between 21.6  and 24.5 within a period of 41.000 years)

Milankovitch cycles

Climates of the past

Precession is the trend in the direction of the Earth's axis of rotation relative to the 
fixed stars, with a period of roughly 26,000 years. 

Precessão é um fenômeno físico que 
consiste na mudança do eixo de 
rotação de um objetoAxial precession

http://pt.wikipedia.org/wiki/F%C3%ADsica
http://pt.wikipedia.org/wiki/Rota%C3%A7%C3%A3o
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Milankovitch cycles

Climates of the past

- Means season changes for the 2 hemispheres

Axial precession

At present, N Hemisphere 
closest to the sun in winter -
Ideal for glacial to develop

Reverse in 9000 years ago  
caused the current 
interglacial

The past MILLION years

Climates of the past

Summing up. three regular variations occur in the orbit of the Earth 
around the Sun
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The past MILLION years

Climates of the past

An obvious question to ask is when, on the Milankovitch theory, is the next ice age 
due? 

It so happens that we are currently in a period of relatively small solar radiation 
variations, and the best projections are of a longer than normal interglacial period 
leading,

to the beginning of a new ice age perhaps in 50 000 years’ time. 

SUMMING UP

Climates of the past

1. Ice ages have gripped the Earth for much of the past 2 million years, the geological
period known as the Pleistocene.
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SUMMING UP

Climates of the past

1. Ice ages have gripped the Earth for much of the past 2 million years, the geological
period known as the Pleistocene.

2. During this time, predominantly icehouse,
glacial conditions have been interrupted by 
brief interglacial periods many times,
including five times in the past 500,000 years.

SUMMING UP

Climates of the past

1. Ice ages have gripped the Earth for much of the past 2 million years, the geological
period known as the Pleistocene.

2. During this time, predominantly icehouse,
glacial conditions have been interrupted by 
brief interglacial periods many times,
including five times in the past 500,000 years.

3. The planet is currently in one of these warm, 
interglacial periods. In fact, all of human civilization has 
developed in the past 10,000 years of unusually warm, 
stable climate.
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RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

One of the most marked of these
changes is a rapid cold snap known as 
the Younger Dryas. 

This cold snap happened
as the northern continents were well 
on their way to warming and and 
losing their ice cover. 

The warming was interrupted by as 
sudden return to cold conditions. 
Nearly as rapidly, the cold snap ended 
and warming continued.

RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

The Younger Dryas started approximately 
12,800 years ago. 

In less than 500 years, warming toward 
interglacial conditions was dramatically 
reversed, plunging the Northern 
Hemisphere, and especially Northern 
Europe, back into cold conditions. 

The cold snap lasted little more than 
1,000 years, and it disappeared as rapidly 
as it had appeared. By 11,500 years ago, 
warming toward current climate 
conditions had resumed.
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RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

This event was first noted in European 
sediments, in which a tundra plant,
Dryas octopetala, was seen twice in the 
fossil record.

RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

The end of the Younger Dryas is closely followed by the beginning of the
Holocene geologic period. The Holocene is the past 11,000 years of relatively
warm, stable climate. The beginning of this warm stable period coincides with
the end of the Younger Dryas.

Several extinctions and large distribution 
shifts in many species have been noted in 
response to the Younger Dryas. The most 
famous of the distribution shifts, of course, is 
the range change in D. octopetala that gave 
the cold snap its name.
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RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

The cause of the Younger Dryas is thought to be shutdown of the North
Atlantic thermohaline circulation due to an outpouring of glacial meltwater
from North America.  

RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

As climate warmed and continental ice sheets melted, large quantities of 
freshwater accumulated in what are now the Great Lakes of the United States 
and Canada. 
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RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

Ice blocked drainage of these lakes for many years. Finally, the blockage was 
breached, and huge amounts of freshwater gushed out the St. Lawrence 
seaway and into the North Atlantic.

RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

There, the freshwater diluted the salinity of the Gulf Stream, preventing it
from sinking. This disrupted the thermohaline circulation and shut down the
Gulf Stream. The heat pumped from the equator by the Gulf Stream suddenly
ceased to arrive in the North Atlantic, resulting in a rapid cooling. 
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RAPID CHANGE: THE YOUNGER DRYAS

Past Terrestrial Response

When the freshwater pulse stopped, the thermohaline circulation turned 
back on and the region rapidly resumed warming

MAJOR FEATURES OF PRESENT 
CLIMATE SYSTEM

The Younger Dryas holds important lessons for the future because it was
caused by warming that led to ice melt and thermohaline shutdown. 

An important question about future climate 
change due to greenhouse gas emissions
is whether warming could again shut down 
thermohaline circulation.

Other causes of rapid climate change may be 
associated with sudden releases
of greenhouse gases such as CO2 or methane.


