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How is climate change
atfecting life on Earth?
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Overview

® Introduction to how
climate change affects life

e Examples of how climate
change affects...

e Plants
® Marine life
e Human health
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Introduction
to how climate change is
atfecting life of Earth




Lodgepole pines near
Granby, CO
(Carlye Calvin)

West of the
Continental Divide
(USGYS)
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Pine beetle infestation in British Columbia as see




® Higher temperatures speed up
reproductive cycles

e Fewer cold snaps that kill beetles.

® Drought weakens trees, making
them more susceptible to beetles.

Mountain pine beetles are
1/8” to 1/3” long. ® Dense older forests are more

Little insect — big impact. susceptible to beetle outbreak.

“Several of the current outbreaks, occurring simultaneously across western

North America, are the largest and most severe in recorded history”
- US Forest Service



Think about the news stories
you’'ve heard of recently.

What is the news media
reporting about how
climate change is
affecting life on Earth?

(Respond in the chat!)



How is climate change

atfecting life on Earth?

_ What's a species to do?

- Species & ecosystems
b Y ® Move

~ are affected by many i

| sthingsk: ® Warmer temperatures are causing

some species to migrate into new

| «Changes in water/ice areas, affecting ecosystems.

- availabilit :
~ *Change ir}’i temperature * Change hfeStyle

- *Changes in extreme ® Some species of plants and animals are
weather events changing the timing and frequency of

- *Pollution, habitat reproductive cycles, food sources, and
~ fragmentation and other habitat.

stresses not caused by

- climate change ’

e Die

® Some species will go extinct.



An area of active research!

Scientists compared the fossil record and
temperature for the past 520 million years.

They found: biodiversity is related to
temperature.

During warm “greenhouse” times:
* Biodiversity lower
» Extinction rate higher

“The rule appears to be that greenhouse

worlds adversely affect biodiversity.”
- Peter Mayhew, University of York, England

‘ The End-Permian
: Mass Extinction

=Rapid global warming

- #251 million years ago
~ 270% of life on land died

84 % of marine life died






How is climate change

atfecting plants?
(Learn about Project BudBurst!)




Getting Students Involved With
Project BudBurst
Climate Change Research in Your Schoolyard

£ neen

National Ecological Observatory Network, Inc.
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Lowell Cemetery, Massachusetts

5/30,/1868 ' 5/30,/2005

What similarities & differences
can you find in these two
photographs?



What is Phenology?

| henf is the science that measures the timﬁé of
life cycle events for all organisms.

Firstpollen=——" #7/// 1\ )\
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First leaf



The Japanese have been recording the
timing of cherry blossoms since 900 AD

Grape harvest dates in Switzerland have been
recorded by wine makers since 1480 AD

Thomas Jefferson referred to the
progressmn of blooms in his garden as m“‘
“acts in a play” '

Henry David Thoreau and Aldo
Leopold kept extensive
phenological records that are
being used today

There are also numerous ‘shoebox’
naturalists whose data may prove
extremely valuable




J A National Phenology Network Field Campaign for Citizen Scientists

Join uslmﬁcollectlng important climate change data on the timing of
leafing. and‘ﬂowerlng of trees and flowers in your area throug
Pro;ect BudBurst! This natlonal citizen science field campaign

targets native tree and flower species across the country.

"

www.budburst.org

© 2007-2009 University Corporation for Atmospheric Research Photos courtesy of USDA-NRCS PLANTS Database and USA National Phenclogy Network




Steps to Getting Started

www.budburst.org

1. Select and identify your plant.

2. Describe the site including latitude and longitude.
3. Determine the phenophases you are looking for.
4. Begin observations.

5. Report your observations online!



Project BudBurst wants you to share your
observations of phenophases such as first leaf, first
flower, and first fruit of trees, shrubs, flowers, and

qrasses.

Download the Steps to Getting Started to begin your
Project BudBurst investigations!

Check out new and upcoming features for 2010.

Have you seen these plants?
If so, we want your
observations! Scientists
' working with Project BudBurst
. have determined that these
plant species are of particular
interest in the 2010 field

{Prunus virginiana)  Campaign.

Educator
Resources

«Mar 18, 2010

I's not quite spring yet in the Chicago region, but
we've bean given a teaser, The temperature crept up
above 60 degrees for ...

nn rden




- How can participation in Project‘

BudBurst help science?

® Help unravel the complex interactions between
temperature and precipitation and plant phenology

® Better understand effects of local environmental change

e Make valuable comparisons with historical data




- Comparisons of 2007, 2008, and 2009

-

PBB data with historical data from
Chicago made by Dr. Kay Havens

oy Forsythia - earliest from historical record - April 25

“r'u,

% Porsythia - earliest from PBB - April 1
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<. Spiderwort - earliest from historical record - May 14
?& Spiderwort - earliest from PBB - May 3

Source: Swink, F. and G. Wilhelm. 1994. Plants of the Chicago Region



How has flowering changed

where you live?

Earlier No Change Later



. How can your students get involved?

Régister for Project BudBurst (now includes
teacher/class registration option) and make
observations

Share photos with us (plants, phenophases, and
people)

Encourage others (friends, family members) to
participate

BudBurst Budd1es for younger students



y Questions about Project BudBurst?

www.budburst.org

budburstinfo@ucar.edu
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" Plants on

the move!

=

¢ Geographic
response to
climate change

® Species migrating
into new areas as
temperatures
warm

White spruce trees in the
upper Savage River in
Denali National Park, AK.



_Ir_r-lage Credit: UCAR

-
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Periodic drought is a
normal part of the
climate in many regions

However, climate
change is causing
drought-prone regions
to become more
drought prone



Wildfires

Drier conditions (including droughts) are creating
environments ideal for wildfires

Warmer temperatures dry underbrush

The area burned by wildfires in the western US may
increase by 50% by the 2050s. (Logan etal, .G.R, June 18, 2009)

More fires release more carbon dioxide into the
atmosphere, causing more climate change



Questions
about plants
and climate
change?

e
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How is climate change
atfecting marine life?

From the poles to the tropics




) How is the ocean changing?

¢ Water warming

® Surface temperature of tropical ocean has warmed 0.5-0.7 C
over the past two to three decades

® Temperatures sometimes spike much higher than normal.

® Water becoming acidic

® Carbon dioxide is getting into the ocean, forming carbonic
acid, reducing the pH of seawater

® Sea ice melting

® Less sea ice is changing polar ecosystems that depend on
sea ice cover.
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The affect of less sea ice on polar bears

Arctic polar bear, e May 14, 2008: US Fish and
a marine mammal Wildlife Service made polar
bears a threatened species.

They estimate that rapid melt of
Arctic sea ice could make bears
endangered species in 45 years.

Polar bears hunt from sea ice

platforms, but have been

increasingly moving on land to
look for food.

Note that whether polar bears will be
able to adapt is an active area of research.
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A diatom -
The tiny start of the
Antarctic food web

* Warmer temperatures are changing
Antarctic phytoplankton, according to

satellite data.

® [ ess seaice makes an inhospitable
environment for the plankton when windy.

® [ ess sea ice leads to huge diatom

populations where winds are calm.




Changing Climate, .

changing coral reef ecosystems

e Acidification of ocean
water makes it difficult for
coral and algae to build reet

e Warming water stresses
corals, causing them to
release the algae that live
within their bodies, a
process called bleaching

P.S. Reefs are also affected by a other
environmental concerns such as
pollution and overfishing.
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| Reefs grow in warm water...

® (Coral reefs are found in the tropics (30 degrees North
and South of the equator)

* Optimum water temperature for reef growth is 26-27 C
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...but not too warm.
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leach.html

o 1-2°C warmer
waters for several
weeks can cause

bleaching.

Coral bleaching is
predicted to

become more
common in the
next few decades
due to climate
warming.

- 150 151 :
Sea surface temperatures off Australia in 2006.
Warm coastal waters caused numerous shallow reef
corals to bleach that year.







“How is climate change
affecting human health?

’.’«‘"/‘\

Patient receiving treatment for malaria, which may become
more common as climate changes (Image: CDC)



® Mosquitoes and other animals
that carry infectious diseases
(vectors) flourish in certain
environments.

® Asregional climates shift, the
geographic distribution of
vectors change too.

An Anopheles mosquito -
Carries malaria



®* Lyme disease (carried by ticks) is
spreading north into parts of Canada
that used to be too cold for the ticks.

® Dengue is spreading more rapidly in
Bolivia as high rainfall allows the
mosquito population to grow.

® Malaria may expand into new regions
where temperatures become warm.
There will be less malaria in regions that
become drier.



Climate Change and Malaria

Distribution of the primary
Malaria agent

Current distribution

- Possible extended
distridution by 2050
(suitable clmate)

Current Gstnbution, represents
maximum extert of the distrbution of the

exont has been exciuded from the map.
Tha scenario is based on the high
SCENRNG 1o the HadCAM2 experrment
Source: Rogers. Randoloph, The Globa/
Sproad of Malana in a Future, Warmer
Workt. Soence (2000:1763-1766)
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Yellow = distribution today
Red = projected distribution by 2050
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Vibrio cholerae bacteria,
which cause cholera

Includes a number of different
“diarrheal diseases”

Caused by ingesting bacteria, viruses or
other microbes via unclean water or
food cleaned with unclean water

Can occur anywhere that water is not
clean. A cholera epidemic has been
ongoing in Africa for 30 years.

Extreme rainfall events can facilitate
water-borne disease outbreaks. Climate
change is expected to bring more
extreme rainfall events to some regions.
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'Water-washed diseases and climate change

® Diseases that spread because of a
lack of washing

® Includes the eye infection trachoma
that causes blindness, skin mites
called scabies, conjunctivitis, typhus,
and lice

® Many regions that are currently arid
iy are projected to become more arid in
the future, increasing the risk of
water-washed diseases.




Questions
about

climate and
human

health?



Climate and Global Change on

Windows to the Universe

WINDOWSHHTO (@
THE UNFVERSE

Solar System Sciences Culture Teachers

Beginner | Intermediate Advanced

Brought to you by the National Earth Science Teachers Association

Shop Windows to
the Universe

m SUaHdgags A group of Emperor penguins wait

their tum to dive into the ocean

- near Ross Island, Antarctica on
Sun S5 Ve r 3 November 3, 2004, Emperar

o T ] . penguins routinely dive to 500

Earth meters in search of food.
Scientists are interested in
understanding how they can
endure the stress of these dives in
such an extreme environment.

Check out our online
store - mmprals fossils,

o
and household items!

Solar System
Space

2 Please log in
Sciences frage couresy of Emity Stone, Nationa!

3 o Username;
Science Foundation roam

Culture
P: d
People

o A -~ 000000

T h Become a member
eachers

Space Weather

Ads by Coogle B

News Please take our short survey and let us know what you think of our new website design!
Get the Solar Answer

Sharp's business
solutions and the latest in
solar energy news.

Research Welcome to Windows to the Universe - your portal to discovery! Explore the wealth of information
available here to learn about the Earth and Space sciences and related topics in the humanities including
Multimedia mythology, art, poetry, and more.

Postcards VWe hope you like our new website designl In addition to the content we've always had on the site, we've added
new capabilities, including RSS feeds and Science Blogs, calendars of historic events and opportunities for
Kids' Space teachers, a greatly expanded store educational resources, and a new option to become a member, with
special services and opportunities! Find out more about the project here. The website is available at three levels
Citizen Science (beginner, intermediate, and advanced) using the navigation tabs at the top of each page, as well as in English
and Spanish. We appreciate your comments and suggestions. Thank you for your support!

Energy Efficient
Windows
Wlndow Replacement

http:/ /www.windows2universe.org



" Project BudBurst
http3/ / WWW.budburst.org

CESENE — Je] [’T_v‘mwi&g‘w. mfr vv ' é;ﬁ;?;édide
www.budburst.org
Steps to Getting Started
Follow these 5 simple steps to complete

your phenological investigation!

www.budburst.org

. Select and identify your plant.

. Describe the site where your plant is located.

. Determine the phenophases you are looking for.

. Begin observations (before expected time of leafing or flowering).
. Report your observations online!
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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
Network.

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

Information 4
Founded:
2010
Insights
See All

181. 12 k>

Find People and More

Home Profile Account v

The Global Climate Change Educator Professional Development Network

wall

Info Photos

Discussions Events +

1 What's on your mind?

Attach: ¢7] YN

The Global Climate Change Educator Professional De... + Fans

The Global Climate Change Educator Professional De...

Just Fans

22 Everyone v m

& Settings

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 too!

March 12 at 3:50pm - Comment - Like

5 2 people like this.

Write a comment...

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 More

| Web Seminar: Predicting Future Climate and Considering

Solutions
Time: 5:30PM Wednesday, April 28th

Location: (Time listed is Eastern Standard Time)

March 12 at 3:41pm - Comment - Like - Share - RSVP to this event

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

The Global Climate
Change Educator...

et

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

Lisa Gardiner is a fan.
%}, Become a Fan
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Thank you to the sponsors of
tonight's Web Seminatr:




P Backto NSTAorg  * Contact Us  * Help

* Feedback

EMLeOming Cenfer

Learnirgy Resources
& Opportunitiss

Welcome to Your Professional Development
The Learning Center is NSTA's e-professional development portstto
help you address your classroom needs ard busy schedle. You can
gain access to more than 3,300 differsnt resources that cater to your |
preference for learing. Over 925 resources, such as journal srticies,
sclence objects and web seminars are avalable for frae. A suits of
practicsl tools such as My Libvary, My Transcript, d My
Professianal Development Plan and Portfolo tool hep you organize, persomlze and docwment your
grovith ayer time. 1f desired, you may review an archived \Wish Seminar overview of the NSTA
Learning Center, or download the "How to Guide" POF (27 MB).
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O See all FREE Resources

By Subject By Grade Level By Siate Standards

Select your state to beain:
Choose a state

O Earth & Space Science O Elzmentary
0 )fikdle School
© High School

© Colizge

0 | ife Science

© prysical Science

Do-It-Yourself Learning @ Live Online Seminars & Classes

Learn & your own pace onine wih these 1-2
ar 610 hour interactive activiies,

Learn anfne from cerdified instructors with
your coleggues, 1-2 howr seminars, week and
marth lnnc crirees are availahle Farn state

http://learningcenter

Professional
Development Tools

Echication
Aciministrator

Login

[ Click Here to Log In MNow |

EXEE O suare S8

= Iasi Popular Science Objects
Viewed — Emailed

1. Energy: Different Kinds of Energy
2. Plate Tectonics: Layered Earth

3. Energy. Thermal Energy, Heat, and
Temperature

4. Universe: The Sun as a Star

sore Popular Resouwrces.,

* Multimedia Oyeprewy

Flash Player Required

arning Resources

Solar System:
A Look atthe

.nsta.org



luminate

Where Bright Ideas Meet.
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http://www.elluminate.com
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