
WHAT DO YOU THINK IS EARTH 
SYSTEM SCIENCE MEANS?

Earth System Science



Earth System Science

The key term is ‘system’… 

A collection of interdependent parts enclosed within a 
defined boundary.

Earth’s interdependent parts are called spheres…



Earth’s Spheres

Earth

Lithosphere Hydrosphere Biosphere Atmosphere



Lithosphere

Contains all of the cold, hard, solid rock of the 
planet's crust (surface), the hot semi-solid rock 
that lies underneath the crust, the hot liquid rock 
near the center of the planet, and the solid iron 
core (center) of the planet 



Hydrosphere

Contains all of the planet's solid, liquid, and gaseous 
water 



Biosphere

Contains all of the planet's living organisms



Atmosphere

 Contains all of the planet's air.

 Where the weather and climate is generated.



All of Earth’s spheres are interconnected. No sphere 
acts alone without influencing another sphere. 

_________________________________

For example, many birds (biosphere) fly through 
the air (atmosphere), while water (hydrosphere) 
often flows through the soil (lithosphere). 

http://upload.wikimedia.org/wikipedia/commons/5/5e/Flying-birds.jpg


Everything is connected!

In fact, the spheres are so closely connected that a change in 
one sphere often results in a change in one or more of the 
other spheres. The changes that occur within and between 

spheres are referred to as events.

The current "balance" among these complex 
interactions makes it possible for life to flourish here.





Event/Sphere Interactions 

The processes that move matter and energy 
from one sphere to another are called 
sphere interactions.

• Humans (biosphere) built a dam out of 
rock materials (lithosphere).

• Water in the lake (hydrosphere) seeps 
into the cliff walls behind the dam, 
becoming groundwater (lithosphere), or 
evaporating into the air (atmosphere). 

• Humans (biosphere) harness energy 
from the water (hydrosphere) by having 
it spin turbines (lithosphere) to produce 
electricity. 



How does Earth System Science work?

 Earth system science is conducted by examining each 
event vs. sphere and sphere interactions

 The examination of the interactions is accomplished 
by asking oneself the following questions:



Earth System Analysis (ESA)

1. How may each of the earth's four spheres have 
caused the event to occur? 

 (These are sphere vs. event impacts.)

2. What are the effects of the event on each of the 
earth's four spheres?

 (These are the event vs. sphere impacts.)

3. What are the effects of changes in one of earth's 
four spheres on each of the other spheres?

 (These are the sphere to sphere interactions.)



Earth System Analysis Example

 An ESS analysis was performed on the forest fires 
event that occurred in Yellowstone National Park, 
Wyoming. This forest fire event occurred in 1988 and 
destroyed tremendous areas of the park. 

 Next are some of the event sphere interactions 
discovered during an ESS analysis of the Yellowstone 
forest fires event: 



Event                 Sphere

 Event Hydrosphere
 A lack of moisture in the soil and in vegetation may have provided a dry 

environment in which the fires, once burning, could continue to burn. 
 Heat from the fire may have further removed moisture from the air, soil, and 

vegetation through the process of evaporation. 

 Event Atmosphere
 A lightning strike from the air may have started the fires by igniting the dry 

vegetation. 
 Gaseous pollutants such as carbon dioxide (CO2) may have been produced during 

the burning of the vegetation and carried into the air by the wind. 

 Event Lithosphere
 The intense heat from the fires may have caused some rocks to break apart. 

 Event Biosphere
 Dead branches and pine needles on the ground may have provided fuel for the 

fires. 
 The seeds of some plants may have required that their outer shells be burned 

before they could germinate; therefore they benefited from the forest fires. 



Sphere            Sphere

 Lithosphere Hydrosphere
 Increased erosion of loose soil (see "Lithosphere Biosphere," below) may 

have led to increased sediments (i.e. soil particles) in streamwater, making 
the water "muddier." 

 Lithosphere Biosphere
 A decrease in vegetation may have resulted in increased soil erosion 

because there were fewer roots to hold the soil in place. 

 Lithosphere Atmosphere
 Ash particles in the air may have been carried by the wind and dropped on 

the ground miles away from the forest fires; the ash particles--which have 
a high pH--may have changed the pH of the soil. . 

 Hydrosphere Biosphere
 Ash particles in the water may have clogged the gills of fish and other 

aquatic organisms and choked them. 

 Hydrosphere Atmosphere
 There may have been more precipitation in neighboring areas because ash 

particles in the air may have become condensation centers upon which 
raindrops could form. 

 Very dry, windy air may have drawn moisture out of the living grasses and 
trees through the process of evaporation. 

 Biosphere Atmosphere
 Smoke in the air may have coated the lungs of animals--including people--

and affected their ability to breathe. 



Put Your Heads Together

With a partner, practice 
describing interactions in 
this scene, tracing the 
movement of materials or 
energy through all four of 
Earth's sphere.



Sphere Interaction Answer

 Plants (biosphere) draw water (hydrosphere) and 
nutrients from the soil (lithosphere) and release 
water vapor into the atmosphere. Humans 
(biosphere) use farm machinery (manufactured from 
lithosphere materials) to plow the fields, and the 
atmosphere brings precipitation (hydrosphere) to 
water the plants. Energy from the sun is stored by 
plants (biosphere). When humans or animals 
(biosphere) eat the plants, they acquire the energy 
originally captured by the plants. Humans expend 
some of this energy arranging bricks and wood 
(lithosphere and biosphere) into buildings.



Review

1. Explain to a third grader what Earth System 
Science is all about.

2. In 2004, an 4,800 gallon oil spill covered parts of 
the Puget Sound.  Write an Earth System Analysis 
describing how the event has affected each sphere 
and how the spheres have effected another.


