What is “Climate Change

Have you or someone you know been affected by
climate change?
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Has the climate always been the same?
How do you know?
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Climate Change Summary
What we know and how we know it

Margaret Mooney

Cooperative Institute for Meteorological Satellite Studies (CIMSS)
a presentation in conjunction with the
CIMSS Climate Literacy Ambassadors project




IPCC 2013 Summary for Policy Makers

What we ow

Warming of the climate system is unequivocal

Since the 1950s, many of the observed changes
are unprecedented over decades to millennia.

The atmosphere and ocean have warmed,
the amounts of snow and ice have diminished,
sea level has risen,
and concentrations of greenhouse gases have increased.



What has caused the climate to change?



What we know

Human influence on the climate system is clear.

This Is evident from
Increasing atmospheric greenhouse gas concentrations

positive radiative forcing,
observed warming,
and understanding of the climate system.
IPCC 2013 Summary for Policy Makers




What we know

Continued emissions of greenhouse
gases will cause further warming and
changes in all components of the
climate system.

Limiting climate change will require
substantial and sustained reductions
of greenhouse gas emissions.

IPCC 2013 Summary for Policy Makers




What evidence shows that the
climate has changed?



How we know It

Proxy Data

Data from natural recorders of climate variability such
as tree rings, ice cores, fossils, pollen, or ocean
sediments. Paleoclimatologists use “proxy” clues

to infer past climates.

Direct Observations
Data obtained from instruments like thermometers,

altimeters, tidal gauges or rain gauges -
or remotely via satellite observations.



Proxy Data — prior to ~150 years
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lce Core data connections
between temperatures (red)
and greenhouse gases

Vostok ice core data
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CIMSS Milankovitch Applet

A computer activity that shows how changes in Earth’s Eccentricty,
Precession and Tilt over the last 400,000 years corresponds to
past climates and proxy data from the Vostok Ice Cores.

CIMSS Milankovitch Cycles Climate Applet
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Orbital Parameters: Vostok Ice Core

http://profhorn.meteor.wisc.edu/wxwise/climate/earthorbit.html
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Direct Observations

Consistent,
repeated,
long-term

observations of
weather are the

foundation of
climate science




Hundreds of stations record and report
high and low temperatures every day

Temperature stations



Even more stations report precipitation totals,
especially where agriculture depends on rain

Precipitation stations



Since 1960, an ever increasing nhumber of
satellites monitor Earth’'s status from orbit

22,300 miies
36,000 kilometers




Direct Observations
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Figure SPM.3 - Multiple observed indicators of a changing global climate — IPCC 2013



Direct Observations
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Direct Observations

TEN SIGNS OF A WARMING WORLD

air temperature air temperature
over land over ocean

ocean heat sea surface
content temperature

temperature of the

arctic sea ice glaciers global sea level humidity fower almosphere

Artic Sea Ice

Satellite images show that the area covered by sea
ice in the Arctic at the end of the summer is
getting smaller. Ice-free shipping routes and
newly established access to oil resources increase
the risk of damage to this sensitive environment,
and habitat for marine animals is threatened.

Learn more

About the Data

The 2009 State of the Climate report served as a basis for the poster and this website. This report draws on data for 10
key climate indicators that all point to the same finding: the scientific evidence that our world is warming is unmistakable.
More than 300 scientists from 160 research groups in 48 countries contributed to the report, which confirms that the past
decade was the warmest on record and that the Earth has been growing warmer over the last 50 years.

Why it's Important to Learn about
Changing Climate indicators

In the coming decades, scientists expect climate
change to have an increasing impact on human
and natural systems. In a warmer world,

This set of indicators was selected, as we would unambiguously expect them to increase or decrease if the world were
warming. In a warming world, based upon simple physical principles we would expect some indicators to increase land

surface air temperature, sea-surface temperature, marine air temperature, sea level, tropospheric temperature,
ocean heat content and specific humidity.

Conversely, we would expect the following indicators to decline: snow cover, sea-ice extent, glacier mass, and
stratospheric temperatures. Stratospheric temperature decline is also influenced by ozone depletion.

Click here for a 10 page summary or full supplemental package.

accessibility to food, water, raw materials, and
energy are likely to change. To protect fragile
ecosystems and to build sustainable communities
that are resilient to climate change—including
extreme weather and climate events—a climate-
literate citizenry is essential. (USGCRP Climate
Literacy, 2009.
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How is the current climate change
different from previous changes?



Earth's climate system Is warming
at an unprecedented rate

Global Mean Temperature
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Carbon Dioxide (ppm)

Industrial revolution and the
atmosphere

The current concentrations of key greenhouse gases,
and their rates of change, are unprecedented.
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Temperature anomaly (°C)

Are Humans Responsible?
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IPCC increased confidence assessing human
influence on climate

“The balance of evidence suggests a discernible human influence on global

climate”.
1995

“There is new and stronger evidence that most of the warming observed over
the last 50 years is attributable to human activities”.
2001

“Most of the observed increase in globally averaged temperatures since the
mid-20th century is very likely due to the observed increase in anthropogenic

greenhouse gas concentrations”.
2007

“It is extremely likely that human influence has been the dominant cause of
the observed warming since the mid-20th century.”
2013



Comparing the Results from Computer Models of Climate Change with Actual
Observations Shows That Models That Include Human Impacts Are More Accurate.
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What is currently being done to
reduce climate change?

What else can be done?



A CLIMATE-ORIENTED APPROACH

FOR LEARNERS OF ALL AGES
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Co-Benefits of Carbon Mitigation

Refrigeration 8%
8% Space
Heating

Appliances . -
9% - 31%

Computers & ' = ENERGY

EFFICIENCY
SAVES MONEY!

Electr;lonics Space
g& ; Water Coolin g
' Heating
12%

How We Use Energy in Our Homes

* By using less energy, you can
reduce carbon emissions
and save money

« By walking or riding a bike to work
a few days a week you can
Improve your health
and save money




Co-Benefits of Driving Less: Clean Air

Along with saving money on gas ....

Asthma and Air Pollutlon
Natural experiment during R S n e
1996 Summer Olympic

games in Atlanta

Peak morning traffic
decreased 23% and peak :
ozone levels decreased 28%

Asthma-related emergency room visits by
children decreased 42%

Children’s emergency visits for non-asthma
causes did not change during same period
Friedman et al. JAMA 2001;285:897

Can you commit to car pooling, walking or riding to work
one day a week? (or two or three?)



Co-Benefits of Driving Less: Health

Along with saving money on gas ....

Personal Fithess and Health

Average Bicycle Commute in Madison is 3.4 miles
* Energy Expenditure: 144 kcal round trip
» Around 200 minutes additional physical activity

* 9-10 Ibs weight loss in year

» Reduce risk of ischaemic heart disease by 47%
» Reduce risk of stroke by 39%

* Reduce risk of breast cancer for women by 34%
» Reduce risk for colon cancer by 43%

* Reduce risk for type |l diabetes by 31%




Teacher Resources
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« Based on 2007 IPCC report

Clarifying concepts, processes and graphs presented in the summary of (| nCO rpo ratl ng 2013 data)

the Physical Science Basis of the 2007 IPCC report on Climate Change.
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Developed for G6-12 science teachers, this material is freely
accessible to all. Educators can also register through the
UW-Madison to earn college credit and receive feedback.

 Lesson plans by teachers

Updated in 2010 under the auspices of
NASA's Global Climate Change Education program

http://cimss.ssec.wisc.edu/climatechange/
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More Resources
- CIMSS Weather & Climate Applets

Weather and Climate Activities to Explore the Atmosphere
Please note that all the applets on these pages use HTMLS and require an up-to-date browser!
These are also "touch-friendly" and will run on mobile devices. (Older Java and Flash versions are available here.)

Friction and Fly Balls Precipitation Type Make a Thunderstorm

Tornadoes! Satellite Images & Orbits

B NS COWWS N

Hurricanes

Past Climates

Seasons

Check out more applets at
WeatherWise

Sun Angle

Phases of the Moon

Energy Model

Conceptual Energy Model

http://cimss.ssec.wisc.edu/wxfest/
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More Resources
— Modern Water Cycle Diagram
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More Resources
Climate Digest from the CIMSS EarthNow Blog

CLIMATE DIGEST

http://sphere.ssec.wisc.edu/



http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/
http://sphere.ssec.wisc.edu/

More Resources ...

AAAS - What we Know

http://whatweknow.aaas.org/

NASA Climate Change

http://climate.nasa.qgov/

NOAA Climate.gov

http://www.climate.qgov/teaching

Intergovernmental Panel on Climate Change (IPCC)
http://www.ipcc.ch/

Paleoclimate perspectives -
http://cimss.ssec.wisc.edu/climatechange/observations/lesson5/intro.html

Skeptical Science
http://www.skepticalscience.com/
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The CIMSS Climate Literacy Ambassadors
program (http://cimss.ssec.wisc. edu/educatlon/cla/)
was developed to raise awareness =
of climate science

and lay the foundation for the
guiding principle of the Climate Literacy:

Humans can take actions
to reduce climate change
and its impacts
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Climate Change Summary
What we know and how we know It

Margaret Mooney
Cooperative Institute for Meteorological Satellite Studies (CIMSS)
April 2014

margaret.mooney@ssec.wisc.edu

http://cimss.ssec.wisc.edu/education/
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