


Earth System Science

Earth system science is the new holisitic approach to studying
the Earth as a whole system of many interacting parts

 The ocean -Solls
e The atmosphere -Plants
e The continents -Animals

_akes and rivers



Studying the Earth System

* Requires observations of the Earth
at various scales

« The quintessential tool for making
these observations Is remote
sensing with satellites




Geographic Information Systems provide ways for scientists to
store and analyze vast amounts of data

Street map




e A IS any portion of the universe that can be isolated
from the rest for the purpose of observing and measuring
changes

* By observing and measuring changes, systems can be used
to study complex problems




e A IS @ representation of something, typically a
simplification of a complex original

* We can build models of processes, which can represent
some of Earth’s systems
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e A IS a simple graphical representation of a system
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The Earth consists of four vast reservoirs with constant flows
of energy and matter between them

Atmosphere  Hydrosphere
Biosphere Geosphere

-

Atmosphere

Sun Long-wave

radiation
Short-wave
radiation
Atmosphere

Lithosphere Hydrosphere



As a whole, Earth is essentially a

Two important implications of Earth being a closed system
are

1. The amount of matter in a closed system is fixed and
finite
2. If changes are made in one part of a closed system,

the results of those changes eventually will affect
other parts of the system



* The place where Earth’s four reservoirs interact most
Intensively is a narrow zone called the life zone

« Conditions favorable for life are created by interactions
between the lithosphere, hydrosphere and atmosphere, and

modified by the biosphere
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Altitude

Airborne bacteria, stray birds, and other organisms are found at great heights
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Mostly rock and ice«l

Highest mountain

——\Upper limit of land animals
——-\Upper limit of most plants

Alpine meadows{
- ————AUpper limit of human dwellings

Upper limit of growing crops

Forest, Deserts

woodland,
and

Most of the biosphere lives within these limits.

Sunlight extendsj k
down to about Microscopic life in pores in rocks down to about here

Life on midocean ridges here

Average depth of deep-ocean floor
(Greatest depth of floor 10,850 m)

Scattered bottom-living animals have been seen at
the greatest depths reached by underwater cameras



Earth System Reservoirs

Is the solid earth
Composed mainly of rock and regolith

Where energy that comes into the Earth system from
outside sources meets energy that comes from within
the planet

Energy sources combine and compete to build up and
wear down the materials of Earth’s surface



Earth System Reservoirs

The totality of Earth’s water

Includes oceans, lakes, streams, underground water, and
all snow and ice

The perennially frozen parts of the hydrosphere are
collectively the cryosphere

The hydrosphere and the atmosphere store, purify, and
continually redistribute water



Earth System Reservoirs

The mixture of gases that surrounds Earth
Predominantly N,, O,, Ar, CO,, and H,O

In the context of the planet it is a very very thin layer,
but it protects life from damaging solar radiation, is the
reservoir for oxygen and carbon dioxide

It Is the outer boundary of the Earth system



Earth System Reservoirs

 Includes all of Earth’s organisms and matter that has
not yet decomposed
* The biosphere greatly affects every other of Earth’s
systems
* Photosynthesis
* Oxygen as a highly reactive gas



Earth System Reservoirs

The “human sphere”

Comprises people, their interests, and their impacts on
the Earth system

The part of the natural system that has been modified
by humans

Includes the , specifically to technology,
machines, and the built environment



Dynamic Interactions Among Reservoirs

* Because energy flows freely into and out of systems, all
systems respond to inputs and, as a result, have outputs

» A special kind of response, , occurs when the output
of the system also serves as an input

. the system’s response Is in the opposite
direction of initial input
« Often self-limiting or self-regulating

. an increase In output leads to a further
Increase in output
 Vicious cycle
 Destabilizing



Negative Feedback

House coals, House warms,
thermostat circuit thermostat circuit
closes opens

esired Ternperatu

Furnace turns on, Furnace turns off,
house warms house cools

Child having a tantrum Childs hand holding candy Child having another tantrum

Positive Feedback



The constant movement of material from one reservoir to
another is called a

Natural cycles are not simple, and exist in a state of

There are many important

e The Hydrologic Cycle
 The Energy Cycle
 The Rock Cycle

* The Tectonic Cycle

* Biogeochemical Cycles



The Energy Cycle

Sun's heat
17.3 X 1016 watts

Heating air,
land, sea

8.1 X 1016 watts

Convection

11.3 X 1012 watts
Conduction

21 X 1012 watts

Reflected back
into space

5.2 x 1016 watts

_ Photosynthesis
S 0.004 x 1016 watts




Humans involve or affect natural cycles

Significant changes are now taking place in many Earth
reservoirs, as a result, many are changing in unexpected
WEWR

Scientists have coined a term to describe changes produced
In the Earth system as a result of human activities:
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