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The Earth System

Interconnected Spheres, Energy, and Global Cycles



Part I:
The Four Earth Spheres

Foundational Components of our Planet's Physical and Biological Architecture




Overview of the Earth Systems

A

Geosphere

The solid, inorganic
Earth including
mountains, rocks,
minerals, and the
planet's interior
layers.

it

Hydrosphere

Total mass of water
found on, under, and
over the surface of
our planet in all
states.

Atmosphere

The envelope of
gases surrounding
Earth, retained by

gravity and vital for
temperature
regulation.

"
Bilosphere

The global sum of all
ecosystems; the
zone where life exists
on Earth.



The Geosphere: Structural Layers

Internal Architecture

The geosphere is stratified by density. The physical data
confirms four primary layers:

e Crust: Thin outer shell (5-70km thick).
e Mantle: Semi-solid rock making up 84% of volume.

e Outer Core: Liquid nickel and iron; creates magnetism.
 Inner Core: Solid, intense pressure and heat.

This "Lithosphere" provides the chemical nutrients essential
for biological processes in the other spheres.







Hydrosphere: Water Distribution Data

Earth is a water planet, but only a fraction of its total volume is readily accessible to life. Scientific analysis shows the following
distribution:

Water Category Percentage of Total State / Location

Saltwater (Oceans) 97.5% Liquid / Oceans & Seas
Freshwater (Glaciers & Ice) 1.72% (68.7% of fresh) Solid / Greenland & Antarctica
Freshwater (Groundwater) 0.75% (30.1% of fresh) Liguid / Subsurface Aquifers

Freshwater (Surface/Atmo) 0.03% (1.2% of fresh) Lakes, Rivers, Atmosphere



Atmosphere: Chemical Composition

B Nitrogen (N.): 78.08%
= Oxygen (02): 20.95%
™ Argon (Ar): 0.93%

™ Trace Gases (CO., CH.): 0.04%

The Atmosphere acts as Earth's thermal blanket, requlated by greenhouse gases which, though trace in volume, are vital for
surface temperature.



The Biosphere: Global Biodiversity

Life on Earth is integrated across all other spheres. From the deep-sea benthos (Hydrosphere) to microorganisms in the upper
atmosphere, the biosphere regulates carbon flux and energy conversion.



Matter Cycling: The Hydrological Cycle

The total mass of water on Earth remains constant. Matter cycles between spheres in a continuous process driven by solar

energy.

Evaporation Condensation

Solar energ@®converts Vapor cools@nd

liquid water aggregates to form
(Hydrosphere) into gas clouds within the
(Atmosphere). Atmosphere.

Precipitation

Gravity retufhs water to
the Geosphere and
Hydrosphere as
rain/snow.

Infiltration

Water move@® from the
surface into the
underground
(Geosphere) aquifers.
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Energy & Matter: Carbon Reservoirs

Pre-Industrial Modern

Atmospheric Carbon Concentration Trend (ppm): Carbon levels have moved from ~280 ppm pre-industrial to over 420 ppm
today, impacting global heat retention through the greenhouse effect.



Solar Energy Distribution

Angle of Incidence

Why are the tropics hotter than the poles? It is purely
geometric:

e At the Equator: The sun's rays hit perpendicular (90°).
Energy Is concentrated in a tight, intense area.
At the Poles: Rays hit at an oblique angle. The same

amount of energy is spread over a much larger surface
area.

This heat imbalance is the primary engine for global
winds and ocean currents.

w.Sunlight angle and Earth latitude diagram




The Global Conveyor Belt

Thermohaline Circulation

Ocean currents redistribute heat globally. This system is

driven by differences in Temperature (Thermo) and Salinity
(Haline).

Surface Warm Current Heat Transport High

Density

Deep Cold Current Driven




