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Fresh snowflakes - 
more reflective

Partially-melted snowflakes - 
less reflective

Scanning electron microscope photos courtesy of the Electron and Confocal Microscopy Laboratory, USDA Agricultural Research 
Service.

http://emu.arsusda.gov/snowsite/default.html


Lutz et al. 2015, FEMS Microbiology Ecology; via darksnow.org 

http://darksnow.org


Map and graph by NOAA Climate.gov and Fiona Martin, based 
on data provided by Jason E. Box, Geological Survey of 
Denmark and Greenland.

http://climate.gov/
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D. Could go either way

If the planet were to cool a 
bit, then the ice-albedo 

feedback would 
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What best explains recent temp. rise?

Source: IPCC 2013, 5th Assessment Report, Physical Science Basis

Land surface temperature



(Slow) movement of the continents 
changes ocean circulation, thus climate



Solar output changes over time

Source: NASA / http://data.giss.nasa.gov/gistemp/2010summer/ (data from Frölich & Lean 2004 & PMOD/WRC) 

http://data.giss.nasa.gov/gistemp/2010summer/


Earth’s orbit changes 
over time due to the 

other planets
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The tilt of the Earth relative to 
its orbit causes the seasons



At what time of year is the 
Earth closest to the Sun? 
(N. hemisphere season)

A.  Spring	
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C.  Fall	

D.  Winter	

E.  Always the same distance
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So distance is 
not why our 
Summer is 

hotter!



Direction of sunlight is the main cause 
of the seasons



Antarctica on Dec. 21 Antarctica on June 21



Earth’s orbit is an ellipse, with 
the Sun offset from the center



The Earth moves faster when closer 
to the Sun



A.  Fall to spring is shorter	

B.   Spring to fall is shorter	

C.  They are the same length

Is the length of time from the vernal 
(spring) equinox to the autumnal 

(fall) equinox exactly the same as the 
length of time from the autumnal 
equinox to the vernal equinox? 
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Credit: http://www.soest.hawaii.edu/mguidry/Unnamed_Site_2/Chapter%202/Chapter2A2.html

http://www.soest.hawaii.edu/mguidry/Unnamed_Site_2/Chapter%202/Chapter2A2.html
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scenario is the N. 

hemisphere summer cooler?
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Credit: Kawamura et al. Nature 448, 912-916 (23 August 2007)

N. hemisphere insolation


