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Earth’s Climate

A web seminar for the NSTA community N
By the UCAR Office of Education and Outreach, ' e
with support from NASA. o
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e The difference between climate
and weather

e Climate & Weather activity

e Regional versus global climate

e \\hat controls the climate?

e Albedo and other feedbacks
e Global Balance Activity from NASA
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cllmate and weather
(with an activity for the classroom)
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Heavy rain along the Outer Banks of North Carolina
Photo by Carlye Calvin




Weather, n.

The state of the
atmosphere at a time
and place described
by precipitation,
clouds, air pressure,
winds, and
temperature.

AAMNWSNCEPH
Frepared by Rubin-Oster

b

Weather Forecast for Tuesday, November D? 006
DOCNO 5

drometeorological Prediction Center

ased on HPC,

PC, and TPC forecasts.




Lots

None

Cold Warm
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What |s cllmate’>

Climate, n.
The typical state of the atmosphere as described
by precipitation, winds, and temperature.
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climate over

The average
the entire




The climate In a
particular place.

Nome, AK
Average Jan. high: 13 F (-11 C)




Lots

None

Cold Warm
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CLIMATE Discovery TEACHER' S GUIDE
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Differences between Climate and Weather
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e [emperature

WEATHER DATA

- | | Cloudiness

Data colected by (names)

e crrsanne *Precipitation

Othes things we noticed about the weather that may affect Iemperature: =
Wind

Cloudiness (Crclo one )
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Lﬂ!ﬂdt @ Record High @ Average High @ Averege Low @ Rocord Low [ e

____Jan | Feb | Mar | Ape | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

e Search your zip code or city

oo e Click on “Month” and then
oo & & “Averages” to see average
~ © = data over the year.
e 5o ® o e._@ =8l ° Discuss how average
b o ‘® @ temperature changes with
o> o EEEEUS
20°F o .................................

~through the year in Boulder, CO

Climate data showing average
high and low temperatures
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At weather.com, choose
the month in which you
collected weather data.

» Have students graph daily
average temperature.

* Then, students add their
temperature measurements
to this graph.

* Discuss!




Two

Minutes for
Questions?
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EARTH S EERGY BUDGET |

Reflected by Reflected Reflected from
atmosphere by clouds earth's surface
6% 20% 4% 64% 6%

Radiated to space

Incomin
solar engergy from clouds and
100% atmosphere

Absorbed by

atmosphere 16% Radiated

directly
to space
from earth
F Absorbed by
»h clouds 3% Radiation
= absorbed by

Cundnction and - S W 4 ﬂtmowe

Absorbed by land
and oceans 51%




- Many things affect how much energy gets
to, and stays within, the Earth system.

‘The Sun & Earth’s orbit

And the amount of greenhouse gases...




Sunlight passes through the atmosphere and
wams the Earth's surface. This heat
Is radiated back toward space.

Most of the outgoing heat is absorbed by
greenhouse gas molecules and re-emitted in
all directions, warming the surface of the Earth

e (Greenhouse gases are a natural part of the atmosphere.

e The amount is now high due to emissions by humans.




! Afmosphéric Carioon Dic.::xide |

Measured at Mauna Loa, Hawaii
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- Greenhouse gases and warming

Energy Radiating From Earth's Surface Energy Radiating From Earth’s Surface




Volcanic aerosols stay in the atmosphere for a couple of
years and have a cooling effect.

Mixing air means that eruptions affect the whole planet.

Sulfur dioxide (SO2) in the
stratosphere about 100 days
after the 1991 Mt. Pinatubo
eruption (Red=high SO2,
Purple=normal SO2)

Global average temperature
dropped ~1 F for two years
after the eruption.
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Changes to Earth’s climate happen due to changes in:
 Eccentricity - Shape of Earth’s orbit (100,000 year cycle)
* Precession - Earth’s wobble as it spins (23,000 year cycle)
 Tilt - The angle of Earth's axis (41,000 year cycle)

These are called Milankovitch Cycles.




Low
Clouds

Cirrocumulus
Cirrostratus
Cirrus

Altocumulus
Altostratus

Cumulus
Cumulonimbus
Nimbostratus
Stratocumulus
Stratus

: e

High clouds have a warming effect.
e|ce crystals absorb more energy
than water droplets.

*Thin clouds allow sunlight to

pass through to earth.

Low and middle clouds have a
cooling effect.
*\Water droplets absorb less
energy.
*Thick clouds reflect sunlight
away from Earth.
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e Decline in Arctic ice
cover 1980 to 2003

Less ice means less
energy is reflected
back out to space.

NASA'’s ICESat
satellite iIs
measuring
thickness and
extent of sea ice.




Let’s Pause
e WD

' Minutes for
- Questions?
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on Climate
(And a classroom activity about Daisyworld)
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Why is eﬁbedo hlghé
and lower at the equator?
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Choose the correct answer:

A. Because more sunlight hits at
the equator than the poles.

Because snow and ice at the
poles reflects more sunlight.

Because higher temperatures at
the equator allow the
atmosphere to hold energy.
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they reflect solar energy, cooling the
te.

absorb solar energy, warming the
planet.

planet.
e The white daisies have high albedo -
IMa

with dark soil, white daisies, and
¢ The dark soil have low albedo - they
theorized that life has an active
role in shaping the Earth's

by Dr. James Lovelock who
o

a sun sh
e Daisyworld was first described
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The Potential

i g Students will:
and Change

OVERVIEW ACTIVITIES : .
FOR 5-12 EDUCATORS e Determine the effects life

has on temperature stability

Global Balance i

e Graph relationships

Ex | e Define steady states — when
a planet is in balance, stable
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Number of Daisies

1 | l L1 [ | 1

| I | I I I 1 J I
0 5 10 15 20 25 30 35 40 45

Temperature in C* due to solar absorption/reflection

The number of daisies
Influences
temperature of
Daisyworld.

More white daisies
means a cooler planet.

Students create a
graph of how the

number of daisies
affects temperature.
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o At25° C (77° F)
many daisies cover
the planet.

e Daisies can’t survive
1 below 5° C (41° F) or
D S S SEabapasd  above 40° C (104° F).

Temperature in C* for daisies to survive

Number of Daisies

e Students graph how
temperature affects

the number of
daisies.



Students overlay their two
graphs and identify the
points of steady state.

These points (A, B) are
where Daisyworld is In
balance. Temperature and
the number of daisies stay
the same.

Number of Daisies

Temperature in C° for daisies to survive s Note that there are two
‘ steady states with different
conditions.
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Climate and Global Change on
Windows to the Universe
& WINDOWS#: TO
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http.//www.windows.ucar.edu
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CD 501 — Introduction to Climate Change

CD 502 — Earth System Science: A Climate Change Perspective
CD 503 — Understanding Climate Change Today

http://ecourses.ncar.ucar.edu
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Lisa Gardiner

egardine@ucar.edu




Thank you to the sponsor of
tonight's Web Seminar:
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