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This is the third of a series of articles on the close correlation between the atmosphere, the ocean, and the weather ... and not just on Earth alone.
In the first article in this series, we already mentioned that Earth's axis on which it rotates is tilted by 23 degrees. (

The degree of tilt is not completely fixed; it varies between 22.1 and 24.5 degrees over a long cycle lasting roughly 41,000 years; today it is roughly 23.44 degrees.) In summer when the North Pole is tilted towards the Sun, the Tropic region upto 23 degrees North latitude has the Sun overhead at noon, while it is lower down in the southern sky.

In the second article of the series, we learned about the Earth's energy budget. The unit of the Sun's intensity is watts per square meter, which measures how much power is received or sent area-wise.

Above the atmosphere, Earth receives solar power with intensity 1.38 kilowatts per square meter.

Some solar radiation is reflected back into space by clouds and some is absorbed in the atmosphere.

At the ground on a clear summer day we receive 1.36 kilowatts per square meter. The 1.38 kilowatts that should fall on every square meter of Earth is distributed over a much bigger area because of the tilt.

For example, at 22 degrees South latitude, the Sun could be only halfway up the sky at noon. The power is distributed over twice the area of Earth, so that this region of Earth gets only 1.38/2=0.69 kilowatts of solar power every square meter. The noticeable effect is that the surface and the air around us are less hot when the Sun is halfway up (at 22 degrees South) than when it is overhead (at 23 degrees North). Just as during the day, noon is hotter than 9 am because the Sun is higher. We call this effect seasons, and it makes summer hotter than winter. It also makes the tropics (where the sun can be overhead) hotter than the temperate or arctic zones where the sun’s rays always fall at an angle.

BOX A temperature comparison
Noontime temperature in New Delhi, the capital of India (28o North latitude just above the Tropic of Cancer) goes from 45 C in summer to 20 C in winter.

Noontime temperature in Nuuk, the capital of Greenland (64o North latitude) goes from 10 C in summer to -10 C in winter.

END OF BOX
When air is heated up, it rises. The region is not left airless, air from the colder region around it rushes in to take its place. In other words there is a wind bringing cold air to a region of warmer air. The air from above the cold region settles downwards to take its place.

Air  circulation
If we go higher up in the atmosphere, it isn't as though the rising hot air accumulates up there. It moves to the neighbouring region where the colder air is going down. So if the Sun is overhead at the Tropic of Cancer, there are ground winds coming there from the temperate zone (which is further North and less hot) and there are high atmosphere winds moving from the Tropic of Cancer to the temperate zone. This is called circulation of atmosphere. 

The picture shows how belts of circulation are set up over Earth when the Sun is overhead at the Tropic of Cancer. These belts depend on where the Sun is, summer winds are different from winter winds. The picture shows how winds in India reverse direction from winter to summer. The net effect of winds is that the excess power received at the tropics is redistributed in the direction of the poles.

Excess power on the sunlit side is redistributed towards the night side. Solar energy remains longer on Earth before ultimately being lost to space. This is why Earth is more comfortable than airless Moon, where solar heat is rapidly lost as soon as Sun sets. Don't forget that three-fourths of Earth's surface is covered by oceans.

Winds and ocean currents
Solar heating evaporates some of the surface water to water vapour. Water vapour also rises, cooling as it goes up. Higher in the atmosphere, water vapour condenses into liquid droplets around dust or other particles into a mass of air saturated with liquid, which we call a cloud. These clouds are pushed by wind to move in the direction it is moving. Further, the winds push the surface water along into what we call ocean currents. So from the air circulation and winds arises the movement of ocean water all over Earth.

When clouds reach land, hills push them higher. When they go too high, clouds cannot retain the droplets they carry which fall on Earth. This is familiar to us as rainfall. In colder countries there is snowfall. For example, summer clouds coming to India from the Arabian Sea are pushed up the Western Ghats. A lot of rain falls on the western coast and in the Ghats region. The clouds which continue into the Deccan plateau have less condensed water in them and there is less rainfall in the region east of the Western Ghats, which is called a “rain shadow”. Rain falls on the sea as well, since there also clouds are being heated and going higher.

Rain is measured in centimetres or inches because it is the height to which collected water rose in the funnel of a rain gauge, a vessel reserved for the purpose of measuring rain. Average world rainfall for a place is under 100 cm over the whole year. The map shows yearly rainfall in India.

The yearly rainfall for Shillong in Meghalaya is 360 cm.

The yearly rainfall for Jodhpur in Rajasthan is 33 cm.

The yearly rainfall for Udupi on the Karnataka coast is 310 cm.

The yearly rainfall for Ballari in the Karnataka rain shadow is 60 cm.
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