








Let’s look at some Temperature datc
http://data.giss.nasa.gov/gistemp/
Open this View
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New York Central Park (40.8 N,74.0 W)
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New York Central Park (40.8 N.74.0 W)
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i New'York City
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Albany (32.7 NJ99.3 W)
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Changercaucationianescience
J: should'your'students kr o)1)

External Forcings Climate Interactions Climate Responses

Changes in
plate tectonics

Changes
in
ice

Changes
in
ocean

| | Chan ges
Changes in j Vegetation
Earth's orbit . vegetatlon

Changes in ‘ : Changes in
Sun's strength : - } > land

surface




ClimatenVstV Eath eI teroi pProcess

GREAT GREAT DEAL

W i HAS BEEN SAID
ABOUT THE WEATHER,
g BUT VERY LITTLE

_HAS EVER BEEN DONE
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AheYearwithout'Summer

[StommelandiStommel;=s1'979)

average daily tempernture in four towns from May through Septem-
ber. The black curve for New Haven indicates the normal average.
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~ Cause?

1860

1820 830 1840 1850

TEMPERATURE RECORDS for New Havea, Cona., convey the was the resuit of temperatures thet ranged from 35 degrees af sun-
mean tempernture in Jume over 8 peried of 70 years, beginning in rise on June 7 to B8 degroms of 2:00 P.M. om Jume 24, accerding
1796, The low of slightly mere thea 60 degress Fabrenbeit inm 1816 %o 2 jowrnal kept for many yoars by the presidents of Yale College.



What'shouldralifourst
about Climate

* Greenhouse Principle
* Earth — Sun Relationships

* Milankovitch mechanisms
e Earth — Atmosphere interactions
* Feedback mechanisms/Response times

Suggested Resource:
Ruddiman, 2001,/2007, Earth’s Climate: Past and Future:

W.H. Freeman




VENUS (HI'CO;) EARTH (Lo CO,)

Reflected back to space
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Autumnal equinox,

first day of autumn

September 23 Summer solstice,
first day of summer
June 22

North
Pole

Factors:

Sun
directly

i " s'Solar distance
e e Rotation

Sun Vernal equinox,
December 23 directly first day of spring .
overhead on March 20 ® TI It

(a) far side of earth

overhead

Sun’s rays glance Spread over large .
across surface area near pole Result:

il Daily and Seasonal
Vertical Rays Temperature variation

“ri:

] Concentrated in
Tropic of Capricorn small area near equator




Long=-1fermiGlimatesGyciesviechanisms
Milankovitehs 1947)

Precession of the Equinoxes (19 and 23 k.y.)

& ——

Northern Hemisphere tilted away from the sun at aphelion.

rr—

Nonthem hemisphere tilted toward the sun at aphelion.
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radiation

LRttt
P Vm// Evaporation
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Cco,
| © Carbon

burial

Upwelling

Plate motio .
ate motion £
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Tectonic Uplift
of

Earth’s Surface
Isostatic

Rebound and
Uplift
Atmosphere .
and Ocean
Circulation
‘ Physical
A Weathering

and

v Erosion

Global
Climate
(Temperature and

\__Precipitation)

Chemical
Weathering
Sediment
(and Carbon)

Example of Web of Events Burial
Ruddiman, 2007
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FEEDBACKIVIECHIAINISIVIS

Initial Initial
cimace . I cimace
forcing ¢ response

NEGAVIVEEEEDBACK
e EHNEXCESSICOINIatMG
AUNOSPHENENN AT

Response reduced
by \

climate system o

- VIGre Weatherng ofirocks —:

GOOD Uses excess CO, >

Atmosphere cools

B Negative feedback

:ﬁ,:ge # 'If‘itial POSITIVE FEEDBACK
forcing R

response e.g., Reduce solar radiation >
poles gain more ice >
increase reflectivity of

earth’s surface >
less solar energy absorbed >

BAD more ice forms and so on....
Figures from Ruddiman, 2007

Response amplified
by

climate system

A Positive feedback



EOrcIngiana hesponse Rates

EXSMPIEAVIOVE m-\nrJ:SJ
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Slow change

in forcing \

Fast response

i ExampiesVolcaniceruptionand
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in forcing— globally'smallichangein

: Slow response Climate (1815)
il : h/
B

Lower frequency cycling of climate
forcing > greater magnitude
response

Climate forcing

o
mw

On  Forci ng

Higher frequency cycling of climate
forcing = smaller magnitude
response

Climate forcing

Off

Samace™

Earlier Time —» Later
D

Ruddiman, 2007






Harrisburg Max T -Dec. 1999, 2000
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Dates in December

PA Climatologist:



Harrisburg Max T- Dec 1999, 2000, 2006

—=—max 2000 + max1999 -= maxnorm 2006 max

Temperature (F)

Dates in Dec.




Harrisburg Max T- Dec 1999, 2000, 2006
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Harrisburg (37.7 N,88.5 W)
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http://data.giss.nasa.gov/cgi-bin/gistemp




