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An Introduction to Earth’s Climate

Presented by: Dr. Randy Russell

Wednesday, September 22, 2010
6:30 p.m. - 8:00 p.m. Eastern time



Earth’s Climate |

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

e Climate & Weather activity
e Regional versus global climate
¢ \What controls the climate?

e Albedo and other feedbacks
e Global Balance Activity from NASA

Presenter:

Dr. Randy Russell
Educational Designer
UCAR Office of
Education and Outreach

#*UCAR
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' cllmate and weather :
(with an activity for the classroom)




A.Weather
B. Climate

C.Both

D. Neither

Heavy rain along the Outer Banks of North Carolina
Photo by Carlye Calvin
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Weather, n.

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

CNOAAMN 'I.I'S.NCEP."HEdmmeteurolo ical Prediction Center

Frepared by Rubin-Oster based on HPC, 5PC, and TPC forecasts.
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What is 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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CrLIMATE Discovery STUDENT PAGES

NatTioNAL CENTER rox ATmosrnsnic Ruissancw

Differesces between + Name :
climate and weather 3, i :
T T
WEATHER DATA

Date: Time: Location:

Data collected by (names):

The temperature is:

o F| e *Temperature
Cloudiness

Other things we noticed about the weather that may affect temperature:

Cloudiness (Circle one.) = - -

o O Somug  coo  toshn *Precipitation

(10-25% o shey  clouds (25-50% (S0-90% of sky  showing (100%

Jess than 10%) gy of sk )
SEEEEE]
Precipitation

[[] Heavy Rain
[] Light Rain
[] Light Snow falling
[] Heavy Snow falling
Hail
Other

Wind M) completely caim
D Light breezé (Wind folt on face. Leavos rustia )
[] Moderate treeze (Fiags flap a ittie. Small branches and laves move.)
[[] Strong breeze (wing whistes, umbrotias tum inside out. bushes sway )
DGHe{nmumnmmmwml

Lo Ies Ase STUDENT Pace Lesson 1
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Climate data showing average
high and low temperatures

e Search your zip code or city

 Click on “Month” and then
“Averages’” to see average
data over the year.

e Discuss how average
temperature changes with
seasons.




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!
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"EARTH'S ENERGY BUDGET

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

Radiated to space

Incomin
solar en?grgy from clouds and
100% atmosphere

Absorbed by

atmosphere 16% Radiated

directly
to space
from earth

Radiation

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...



Greenhouse gases trap heat.

Sunlight passes through the atmosphere and
wamms 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

and the lower atmosphere.

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

e The amount is now high due to emissions by humans.
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Energy Radiating From Earth's Surface Energy Radiating From Earth’s Surface




e \/olcanic aerosols stay in the atmosphere for a couple of
years and have a cooling effect.

e 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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Effect of Earth’s Orbit

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

-

-

-
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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

L ess ice means less
energy is reflected
back out to space.

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




Questions?
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(And a classroom activity about Daisyworld)
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foRier at t the poles

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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fe has an act

Id was first described
by Dr. James Lovelock who

theorized that |

ining on i

they reflect solar energy, cooling the

absorb solar energy, warming the
planet.

planet.
e The white daisies have high albedo -

with dark soil, white daisies, and
¢ The dark soil have low albedo - they
role in shaping the Earth's

¢ Daisyworld: a mythical planet
a sun sh
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The Potentlal
Consequences of
Climate Yarlability
and Change

OVERVIEW ACTIVITIES
FOR 5-12 EDUCATORS

ESTTen
Sk,

AN ACTIVITY RESOURCE

FOR TEACHERS
& M i anding fo Nofional

Edurcatran Teandards o

o Englinh Language Arty

¥ Geography

o Mothe=atio

o Reiemor
0 Sl Hwda
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Students will:

e Determine the effects life
has on temperature stability

e Graph relationships

e Define steady states — when
a planet is in balance, stable
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e The number of daisies
Influences
temperature of
Daisyworld.

More white daisies
means a cooler planet.

Number of Daisies

ol
L
#
"a

I PR T T P Students create a
0 5 10 15 20 25 30 35 40 45 50 X graph of how the
Temperature in C° due to solar absorption/reflection num be r Of d al S i es

affects temperature.



 Temperature a

A

Number of Daisies

=
2"
1

affects the number of d:

o At25° C (77° F)
many daisies cover
the planet.

e Daisies can’t survive
below 5° C (41° F) or

I I I I
0 5 10 15 20 25 30

Temperature in C° for daisies to survive

above 40° C (104° F).

e Students graph how
temperature affects

the number of
daisies.



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

>

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

T T T O the same.

i | I | I |
0 5 10 15 20 25 30 35

Temperature in C° for daisies to survive % Note that there are two
ol steady states with different
conditions.

"
*
e

Number of Daisies
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Find People and More

Home  Profile Account -

Edit Page
Promote with an Ad

Suggest to Friends

Welcome Educators! You have

found the Facebook hub for
the NASA-funded Global
Climate Change Educator
Professional Development
Metwork.

Check out the “Events”
section to learn about our
free seminars, offered
through NSTA Web Seminars
this spring.

. et O Attach: ¢]] E w

Information

Founded
2010

The Global Climate Change Educator Professional Development Network

wall Info Photos  Discussions Events <+

What's on your mind?

The Global Climate Change Educator Professional De.. + Fans

The Global Climate Change Educator Professional
Development Network Hello everyone! Register at the NSTA

= Learning Center for these free climate change web seminars this
spring. And invite all your secondary science teacher friends to
join us tool

March 12 at 3:50pm - Comment - Like

) 2 people like this.

Write a commentl...

The Global Climate Change Educator Professional
Development Network How do we know how climate will change
in the future? Join us for this web seminar and learn how climate
models are used to predict the future, Then, we will consider
climate change adaptation and mitigation solutions that are being
implemented by governments and individuals. Classroom
activities that get students thin...

See Mare

i Web Seminar: Predicting Future Climate and Considering
Solutions

—

The Global Climate Change Educator Professional De—. JBMi8ZT1H @ Settings

Cet more fans for your
Page with Facebook Ads!
Preview below,

The Global Climate
Change Educator...

LED

This series of web
seminars, funded by
NASA, is designed to
bring climate and global
change education
resources to secondary...

Lisa Gardiner s a fan.
ﬁ Become a Fan






Thank you to the sponsors of
tonight's Web Seminar:
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Welcome to Your Professional Development
The Learning Center is NSTA's e-professionsl developmeant portad 1o
help you sddrass your classroom needs and busy scheduls. You can
gain access to more than 3,300 differact resources that caler 1o your
preference for learming. Over €25 resources, such as journal articles,
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