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Systems Thinking
Earth/Space Science

Revisit the Big Ideas in Winds, Oceans, Weather, and Climate
In this chapter, you studied Earth’s atmosphere and hydrosphere. Together, they are known as the 
fluid spheres. These spheres are closely interconnected parts of the Earth system. The exchange of 
water between the hydrosphere and the atmosphere is the basis of the water cycle. Also, the 
hydrosphere plays a critical role in climate and weather systems. Atmospheric circulation (wind), 
in turn, drives ocean waves and surface currents. 
The energy that drives the fluid spheres 
comes from the Sun. However, the Sun’s 
energy is not evenly distributed across 
Earth’s surface. The Earth system works 
to even out the temperature differences 
that result from unequal heating. This is 
done through the fluid and highly mobile 
atmospheric winds and ocean currents. 
Both wind and ocean currents move heat 
from the equator, where the input of solar 
radiation is greatest, toward the poles, 
where it is least. 
The unequal heating of Earth’s surface 
creates a temperature gradient that is about 
parallel with Earth’s lines of latitude. 
Heated air moves by convection currents in 
the atmosphere. Air that is heated near the 
equator expands, becomes less dense, and 
rises. Near the top of the troposphere, it spreads outward toward the poles. As this air travels 
northward and southward toward the poles, it gradually cools, becomes more dense, and sinks. 
Upon reaching the surface, this cool air flows back toward the equator, warms up, and rises, 
thereby completing a convection cell cycle. 
Earth’s rotation affects the flow of air toward the poles and the return flow toward the equator. 
Both flowing water and flowing air respond to the Coriolis effect. They are diverted by it. The 
combination of convection and the Coriolis effect produces a global pattern of wind systems. 

Solar energy drives Earth’s global wind belts. 
The winds, in turn, drive the movement of 
water in the surface layer of the ocean. A 
spatial comparison of global wind patterns 
and global ocean surface currents shows that 
the wind directions and the surface current 
directions are about parallel. This strongly 
suggests that ocean surface currents are 
caused by winds. 
Deep ocean currents are also the result of 
interactions between the atmosphere and the 
hydrosphere. Ocean water near Antarctica 
and in the Arctic Ocean is very cold. This 
water is also quite salty. Low temperatures 
and high salinity mean high density. In polar 
regions, cold, salty, dense water sinks. It 
displaces surrounding water. This drives the 

The lower the angle of the Sun, the greater the 
dispersion of radiation. As a result, less heat reaches 
each unit of surface area.

At a regional scale, thunderstorms and tornadoes 
are the result of the ongoing process of transporting 
heat and moisture from one part of Earth to another.
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Systems Thinking Questions

 1.  What are the major parts involved in winds, oceans, weather, and climate? Describe 
each part and its location.

  Thinking about the parts involved in the operation of the fluid spheres will help you 
to think about the structure of the system(s) you are examining. Describe the nature 
of the parts. You might want to think about where the different parts are as well. 
This will help you to understand a system’s structure even more clearly.

 2.  What are the major processes involved in winds, oceans, weather, and climate?

  Asking questions such as, “What causes atmospheric circulation?” or “Why does 
water flow through the oceans?” helps you to figure out the operation of the 
system(s) you are studying. The same method can be applied to larger or smaller 
systems. You might also want to think about how one part of the system affects 
another. This will help you to better understand interactions within the system.

a)  Describe major ways in which matter changes through winds, oceans, weather, 
and climate.
Matter lies at the heart of systems. It often moves from one place to another. 
It also changes sometimes between states of matter or in other physical ways.

b)  Describe the role of energy in winds, oceans, weather, and climate.
Energy drives systems. All systems require a source of energy for them to operate. 
As systems do work, energy from the source is transformed into different kinds 
of energy.

 3.  Over which spatial scales do winds, oceans, weather, and climate operate?

  Scientists like to look at different scales in the same system to seek patterns 
about how things work. Think about the distribution of Earth’s atmosphere and 
hydrosphere. Consider how they interact on a local as well as global scale. What 
factors govern how these two spheres interact? 

 4.  Across what time scales do winds, oceans, weather, and climate operate?

  Asking questions such as, “How long does a thunderstorm system last?” or “How 
long does it take water to circulate through the oceans?” helps you think more closely 
about the rates at which systems affect change.

 5.  How do winds, oceans, weather, and climate affect your community? 

  Weather and climate affect you on a daily basis. These systems are the result of the 
two closely interconnected spheres. Think about how weather and climate affect the 
location where you live. 

deep circulation system. Surface currents and deep ocean currents are the main mixing forces in 
the ocean. This relatively simple mechanism keeps the temperature and salinity of the entire open 
ocean system in balance. 
Weather refers to local atmospheric conditions at a particular time. The time scale is very short. 
Averaged over a long time, weather patterns are called climate. Climate responds to a number of 
important factors. The global wind patterns control Earth’s climatic zones. The pattern of climatic 
zones is affected by the distribution of oceans, continents, high mountains, and plateaus. As a 
result, average temperature, precipitation, cloudiness, and windiness vary greatly from one place 
to another. This gives rise to a variety of distinct climatic regions or zones. Major changes in the 
Earth system affect their distribution. This in turn can have large-scale impacts on the biosphere.
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