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Four Spheres of Earth Science

Thermosphere

Atmosphere ~ air

lonosphere
Mesosphere

Ozone Layer

Stratosphere

Biosphere ~ living
organisms A
roposphere

Cryosphere
Hydrosphere
Biosphere

Hydrosphere ~ water

Lithosphere
Asthenosphere

Mantle

Lithosphere ~ land,
sediments and rocks

Core
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003

Soil-biosphere
interaction

Changes
in the ocean:
circulation, sea
level, biogeochemistry

Changes in the cryosphere:
snow, frozen ground, sea ice, ice sheets, glaciers

Changes in/on the land surface:
orography, land use, vegetation, ecosystems

The dynamic climate system

E.A. Mathez, 2009, Climate Change: The Science of G lobal
Warming and Our Energy Future, Columbia University Press.



What Is the difference between
weather & climate?

* Climate: long-term patterns/average of
conditions (e.g. max/min temperatures,
rain & snowfall, seasonality, etc)

 Weather: short-term patterns of conditions
(e.g. temperature, precipitation, wind
speed and direction, relative humidity, etc)



Different timescales of weather and climate

daily warm days, cool nights

3-7 days weather events, e.g., passages of fronts

yearly seasons

2-7 years El Nino events (ENSO)

1-3 decades oscillations in atmospheric circulation patterns, e.g.,

North Atlantic, Pacific Decadal Oscillation (PDO)
centuries multi-century cold and warm periods
104 - 10°>years  Milankovitch cycles

> 106 years positions of continents, changes in atmospheri C
composition, changes in solar luminosity

E.A. Mathez, 2009, Climate Change: The Science of G lobal Warming and
Our Energy Future, Columbia University Press. Sour  ce: Christy et al., 2006
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Climate Science: Hydrosphere

e 749% of the Earth covered In
water

e cryosphere ~ water locked up
N Ice

e drives climate, weather and
heat distribution

— wind surface ocean currents

— salinity differentials  deep
currents

e thermohaline ocean circulation






Climate Science: Atmosphere

e composition: 78.1% nitrogen, 20.9%
oxygen, 0.9% argon, 0.0386% carbon
dioxide, and other trace gases

e dynamic and rapidly changing

STRATOSPHERE (10 -50 km)

TROPOPAUSE (10 km)

TROPOSPHERE (surface to 10 km)






Climate and Weather: Cycles
and Processes

feedbacks:

processes or mechanisms
that amplify (positive) or
diminish (negative) a
change in the system

From Maslin (2002)



Many Factors Influence Earth’s Climate

solar radiation

Air and water circulation patterns and
changes in heat distribution

reflectivity (albedo)

Interactions of biogeochemical cycles in
ecosystems

composition and concentration of GHGs
orbital parameters of Earth

Humans: agriculture, industrialization Maslin (2002)



Orbital Patterns



Interception of Solar Radiation

“Differential Insolation”



(1) angled solar beam (2) travels through
more of Earth’s atmosphere



The Angle of the Solar Beam Affects the
Amount of Energy Intercepted



There’'s more Energy at the Solar
Equator than at the Poles

Less E

Lots of E

Less E



The Equinoxes — March 21, September 21



Summer Solstice — June 21



Winter Solstice — December 21



Earth is Constantly Heating & Cooling

Cooling

Heating o=

***Lots of disparity in energy gain (Equator vs pole  s)
and loss (day vs night)



Sir
George
Hadley
(1685-
1768)






Coriolis Force

Due to conservation of momentum

Imparts a curvature to N-S flows of air and water









Earth’s Major Ocean Circulation Patterns

Due to Coriolis Force and arrangement of land masses



Thermohaline Circulation



Interactions of Physical Systems:
Cycles and Processes

El Nino Southern Oscillation
(ENSO):

- changes in the Peru Coastal
Current

e Occurs about every 4-7 years
e lasts about 1-2 years

e ecosystem & weather changes

MacKenzie (1998)



“normal”

El Nifio









Interactions of Physical Systems:
El Nino Southern Oscillation (ENSO):

Impacts:

1) phytoplankton/fish  biological systems

2) weather & climate

current forecast: low to medium ENSO
conditions next 3-6 months

1997-1998
El Nifo

MacKenzie (1998)



