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What 1s a System?
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What are components of earth system? <+
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What are components of earth system? <+

Atmosphere
Hydrosphere
Geosphere
Biosphere







Whitis the Greenhouse Effoct?




The Greenhouse effect

Some solar radiation is Some of the infrared
radiation passes through
the atmosphere and Is

Some of the infrared radiation is

QRGN 2 absorbed and re-emitted by the

Solar radiation passes through YA SR S i : greenhouse gas molecules. The
the clear aimosphere. SN . direct effect is the warming of the
Incoming solar radiation: NN : earth’s surface and the troposphere.
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CO, emissions (Gt C)
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World Carbon Dioxide Emissions by Region, Reference Case, 1990-2030
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Temperature Anomaly (°C)

Global Land-Ocean Temperature Index
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Temperature Anomaly (°C)

Land and Ocean Temperature Changes
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What i1sa quel? |




Modeling the Climate System

]‘ Includes the Atmosphere,
Incoming Solar Land, Oceans, Ice, and Biosphere
Energy Outgoing Heat
nergy
l gglajs'tttl)o\r}afrp%’p Atmospheric GCM
Stratus Clouds E\ﬁlpor%tive
- Ex&a;ng'éirgy Cumulus Cirrus Clouds

Clouds

. Snow Cover

Atmos
(Temperature, Winds,
and Precipitation)

L Stratus
Precipitation Clouds
& Evaporation

W mazphert Wadel layers

Climate Models

Earth's climate is far too complex to
reproduce in a laboratory. An alternative is
to devise a mathematical representation, or model,
that can be used to simulate past, present, and future
climate conditions. These models incorporate the key physi-
cal parameters and processes that govern climate behavior. Once

Aanmabuiintbad thaii mni ha sinad ba lnvianbinata haiii A Alniciin s mean



Coupled Climate Model
Schematic
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Temperature change (°C)
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NYC Tri-State Region
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Projected Patterns of Precipitation Changes

multi-model ~A1B
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Precipitation increases very likely in high latitudes
Decreases likely in most subtropical land regions






Change in Surface Air Temperature GHG1 - Con1 2050-2099 Jan

NASA/GISS 2050-2099 Jul
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Polar Amplification of Global Warming

Summer Arctic Sea .
Ice Boundary in 1979, °

Francis et al.




Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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Arctic Sea Ice Extent

2012/09/15
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Morton Elrod photo 2008 Lisa McKeon photo
K. Ross Toole Archives USGS
Mansfield Library, UM

This large boulder was used by Morton Elrod and other scientists as a baseline to measure the
retreat of Grinnell Glacier’s terminus. It is now referred to as “Elrod’s Rock,” and the glacier’s
terminus is no longer visible from this point.




Trends in Global Average Absolute Sea Level, 1870-2008

Trend based on tidal gauges

Satellite measurements:
— University of Colorado

Commonwealth Scientific and
Industrial Research Organisation
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Data sources:

- CSIRO (Commonwealth Scientific and Industrial Research Organisation). 2009. Sea level rise. Accessed November 2009.
http//www.cmar.csiro.au/sealevel.

- University of Colorado at Boulder. 2009. Sea level change: 2009 release #2. http//sealevel.colorado.edu.

For more information, visit U.S. EPA's “Climate Change Indicators in the United States” at
www.epa.gov/ciimatechange/science/indicators.




GMSL from TOPEX/Poseidon, Jason-1 and Jason-2 satellite altimeter data
'Seésoﬁaléignél removed I E N E
Inverse barometer correction applied
30  GIA correction applied
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Projected Rise in Global
Sea Level Relative to 2005

- higher-emissions scenario (Rahmstorf)

— higher-emissions scenario (IPCC)
lower-emissions scenario (IPCC)

- extrapolation of historical trend 1961-2003
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Coastal
Impacts

Coastal
Flooding

*Shoreline
Change




Atlantic City: Today’'s 100-Year Flood Could

Become a 2 Year Flood by 2100




Impacts on
Agriculture :

Dairy
*Crops

Pests and
Weeds

USDA




Spruce/Fir

~by Late-Century
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Loblolly/Shortleaf Pine

Higher Emissions -
spruceffir: Anastasiya Maksymenko; maple: Birthe Lunau; oak: Dave White;

ash: Chad Davis; loblolly: Kentucky Division of Forestry. Other No Data ) % ' o - - ;
Source: NECIA, 2007 (see: www.climatechoices.org/ne/). : . t* “dermry and Marcy Monkman




The Changing Face of Winter

Historic Area (1961-1990)
B Late-Century Area (2070-2099)

Base map credit: Intrasearch d.b.a. MapMart
Source: NECIA/UCS, 2007 (see:




Cannonsville Reservoir, Dec. 2001
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Changes in Precipitation

Mike Aucott/NJDEP

Less water
when we do.

Mo;e ‘Wter hen
we don’t need it.

s USGS/David Armstrongt..




Extreme Precipitation Events

More Frequent and More Extreme

Nancy Brammer
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