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In this curriculum unit, the focus is on spheres that are most accessible to most students: the portion of the geosphere called the pedosphere (soil); the unfrozen portion of the hydrosphere; the biosphere; and the atmosphere.
The frozen portion of the hydrosphere—the Cryosphere—plays a significant role in the Earth system but is not addressed here, in this basic introduction to Earth system science. Likewise, the solid parts of the geosphere, such as mountains or earth’s plates, play significant roles at very different time scales, but are not addressed in this introduction to basic earth system concepts. 
Mention that Earth system science is a very complex topic that can demand a knowledge physics, chemistry, and biology as well as earth science and mathematics. The focus of this curriculum module is to introduce the big ideas in a very basic way, and quantitative analysis is not a part of this module.  
The terms we will use as we describe the Earth system are as follows:
· Each of the spheres (e.g., the biosphere) is a component of the Earth system. Sphere and component (of the Earth system) are used synonymously.
· Each sphere or component is made up of elements (e.g., a bird is an element of the biosphere; a pond is an element of the hydrosphere).
· The phrase “chemical element” is used whenever referring to an element in the periodic table (e.g., carbon)
The pedosphere (soil) covers approximately 10%* of Earth's surface and deeply affects every other part of the ecosystem. Soil holds air, water, heat, and nutrients and is the medium in which we grow food and fiber. Soil supports billions of plants, animals, and microorganisms, it filters water, and it facilitates the decomposition of wastes. 
*Some scientists also consider the sediments that lie below Earth's bodies of water as part of the pedosphere, so there is some debate over the exact figure for soil coverage.
The hydrosphere covers about 75% of Earth's surface, and includes all bodies of water (oceans, lakes, rivers, streams, groundwater) liquid and frozen, fresh and salt. The oceans help regulate climate by absorbing large amounts of solar energy, particularly near the equator, and circulating heat towards the poles. Water constantly circulates between the hydrosphere, the pedosphere, the biosphere, and the atmosphere.
The biosphere is intimately connected with and dependent on the other spheres. Through processes such as photosynthesis, respiration, decay, and human activity such as burning forests or fossil fuels, the biosphere continuously exchanges gases with the atmosphere. Human activities can also cause changes in land and water use. To the extent that the biosphere modifies the other components of the Earth system, it can also modify Earth's climate.
The atmosphere distributes rain and traps some of the heat radiated by Earth to help keep us warm. It also protects us from harmful solar radiation, and plays a role in driving ocean currents that redistribute Earth's heat. Atmospheric aerosols from both natural causes (sea salt, pollen) and human activity change the composition of the atmosphere.
At any moment in time, all matter and energy on Earth is part of one or more of these spheres, and across time, all of Earth's matter cycles through two or more of these spheres.**

** Energy is a bit more complex because energy is constantly entering and leaving the Earth system—arriving from the sun and being lost to space at the same rate (unless the planet is undergoing a climate change, in which case incoming and outgoing energy will not be in balance.)


Interconnections and Processes
Matter transfer
At the local level, there are many simple examples of the interconnections between components and elements of the Earth system. The roots of plants (biosphere) draw water and nutrients from the pedosphere, exchange oxygen and carbon dioxide with the atmosphere through the process of photosynthesis, and send water into the atmosphere through the process of transpiration. Plants also die and decompose to become part of the pedosphere. Water evaporates from rivers (hydrosphere) and the soil (pedosphere) to become part of the atmosphere. Oxygen in the atmosphere dissolves in a river (hydrosphere). Fish (biosphere) draw dissolved oxygen into their bodies from the hydrosphere.
There are also connections between elements within a component of the earth system. Birds eat plant seeds; flowers attract insects; rivers flow into lakes or oceans.
Energy Transfer
In addition to the exchanges of matter, the transfer of energy is a key process of the Earth system. The sun warms the pedosphere, which transfers its heat to the atmosphere; warmed air transfers heat to cooler land surfaces; evaporation from a lake (hydrosphere) transfers heat to the atmosphere; rivers and ocean currents redistribute heat energy; precipitation can warm or cool the pedosphere on which it falls.

Change Leads to Change
Because of the interconnectedness, changes in one sphere bring about changes in the others. Sometimes these changes are dramatic. Droughts (atmosphere) can cause severe changes in the hydrosphere, the biosphere, and the pedosphere. Frequently these changes are more subtle. Every rain changes the soil moisture and the amount of water in lakes and rivers. Increased water level in a lake has an impact on the plants and animals that inhabit the shoreline. An increase in air temperature decreases the amount of moisture in the pedosphere by increasing the rate of evaporation and the rate at which vegetation loses water (transpiration) to the atmosphere.
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