
The Earth’s

Energy 

Balance



What you must know:

• How the atmosphere is heated up 
and why is it irregular.

• How the daily insolation and energy 
loss results into the energy balance.

• The causes of seasons as a result of 
the earth’s axis and revolution around 
the sun. 

• The results of winds and oceans on 
the transfer and displacement of 
energy



How are the Earth’s atmosphere 

unequaly heated up? 
• Incoming radiation from the Sun is mainly 

higher energy, short-wave radiation that heats 
the Earth’s surface. 

• The heated Earth radiates lower energy, long-
wave, infrared energy back into the 
atmosphere. 

• This heats the atmosphere. 
• The incoming solar energy that reaches the 

Earth’s surface is called insolation and is 
unevenly distributed over the Earth. 

• More insolation reaches the surface in the 
tropics than in the polar regions. 

• In the tropics, the Sun’s rays come in nearly 
perpendicular to the surface. 

• At the poles the surface is angled away from the 
incoming rays of the Sun. 





Why is it colder at the 
poles? 

• The Sun’s rays have to travel 
through a thicker atmospheric 
layer 

• Energy is lost through absorption, 
scattering and reflection. 

• The energy of the incoming 
radiation is spread over a larger 
area. 

• Shiny white ice and snow reflect 
more of the incoming energy into 
space. 





What are the effects of 
unequal heating on the 
Earth’s energy balance? 

• Between the tropics, the angle of 
incoming solar rays is high. 

• More energy is gained than lost, so it is 
hotter.

• In the polar regions, the angle of 
incoming solar rays is low, so solar 
heating is low. 

• More heat is reflected into space. More 
energy is lost than gained and there is 
an energy deficit. 

• Near 37° both north and south of the 
equator, a balance exists between 
energy gained and energy lost. 



What causes seasons? 

• It results into the origin of seasons 
where the distance to Sun varies 
on a predictive manner to create 
summer, autumn, winter and 
spring.

• What are the causes of the 
seasons? 

Causes Description

Revolution Earth orbits around the sun once every 365¼  days

Rotation Earth turns on its axis once every 24 hours

Tilt The Earth’s axis is tilted 23½  from the peroendicular

Sphericity The nearly spherical shape of the earth produces uneven 
insolation



What causes the Seasons



How does the seasons 
influence the Earth’s energy 

balance? 
• Earth’s axis is tilted. 
• It is summer in each hemisphere when that hemisphere is 

tilted towards the Sun because it has longer daytime 
hours. 

• In winter, when a hemisphere is tilted away from the Sun, 
it receives and retains less incoming radiation. 

• Twice a year, at the equinoxes on 21 March and 23 
September, the Sun is directly overhead the equator and 
all places on Earth have a 12 hour day and a 12 hour night. 
Both hemispheres will get equal solar radiation. 

• At the solstice on 21 June, the northern hemisphere is 
tilted towards the Sun. The longer days and shorter nights 
cause the northern hemisphere to receive more insolation 
and to experience summer. The southern hemisphere is 
tilted away from the Sun. This causes shorter days and 
longer nights. There are winter conditions. 

• On December 21 the reverse happens with long days, 
short nights and summer in the southern hemisphere. The 
northern hemisphere has long nights, short days and 
winter. 



The role of winds and ocean 
currents in the transfer of 

energy
• There is a positive heat balance within 

the tropics, and a negative heat 
balance in the polar regions. 

• But the Earth does not steadily get 
hotter at the tropics or colder at the 
poles. 

• There is a balance between incoming 
solar radiation and outgoing radiation 
from the Earth. 

• This happens through two major 
transfers of heat, 80% by wind and 20% 
by water. 





How do winds contribute to 
heat transfer?

• The uneven heating of the Earth causes pressure 
differences because warm air is less dense and tends to 
rise. 

• This difference creates a pressure gradient force and 
causes wind to blow from regions of high pressure (HP) to 
regions of low pressure (LP). 

• Imagine an Earth with no features that does not turn. See 
Figure to the right) 

• Under such circumstances a belt of low pressure forms in 
the hot equatorial regions while a belt of high pressure 
forms over the cold polar areas. 

• The pressure difference causes cold, dry winds to flow 
from the polar high pressure

• At the equator, warm moist air rises. This warm air 
diverges in the upper atmosphere and flows towards the 
poles. 

• Over the polar regions, the air cools, becomes more dense, 
and sinks down back towards the surface.

• But the Earth does have features of land and sea and it 
does turn around on its axis so there is not a steady flow of 
air from the poles to the equator and back to the poles. 



How do oceans contribute 
to the transfer of heat?

• Warmer Ocean currents carry the 
stored heat from the tropics towards 
the polar latitudes.

• Colder ocean currents from the higher 
latitudes carry water to the lower 
latitudes, where it is heated again. 

• The influence of the Coriolis force: 

• In the northern hemisphere the surface 
currents mostly curve to the right. 

• In the southern hemisphere they curve 
to the left. 





Deep ocean currents

• There is also a transfer of energy by 
deep ocean currents. 

• This is due to differences in the 
density of ocean water, depending 
on its temperature and salinity. 

• Together the surface ocean 
currents and the deep ocean 
currents make up the ‘Ocean 
Conveyor Belt’, which plays a major 
role in moving heat from the 
tropics to the polar regions.




