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Credits: Grant W. Goodge Historic NWS Collection; US National Oceanic and Atmospheric Administration; Pekka Parvianinen, Turku Univ./EPOD

1. crepuscular rays     2.� sunset      3.� green flash
1. Shafts of sunlight emanate 

from the Sun.

2. The atmosphere scatters the 
setting Sun’s blue and green 
wavelengths, letting oranges 
and reds through.

3. On rare occasions, air 
particles disperse and refract 
the Sun’s rays to form a 
green flash.
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Credits:  US National Oceanic and Atmospheric Administration; Vanessa Pina/EPOD; NOAA/AOML/Hurricane Research Div.

double rainbow�

fogbow                          glory with shadow of plane

Water droplets can 
reflect (bounce back), 
refract (break down) or 
diffract (scatter) light 
rays.
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Credit:  Bob Williams/NWS Historic Collection; Ralph F. Kresge, Historic NWS Collection; Grant W. Goodge/NWS Historic Collection

halo                                  sundog

sun pillar

Ice crystals can 
also reflect, 
refract, and 
diffract light rays.
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Credit:  Michael Theberge, /Maine Maritime Academy/NOAA; US National Oceanic and Atmospheric Administration; Grant Goodge, Historic NWS Collection

dew                             � rime ice        � rime ice

When the temperature cools, 
moisture can condense to form 
dew or freeze to form frost. 

Rime ice forms during 
sublimation (when supercooled 
water vapor passes directly to 
the solid phase without being a 
liquid).
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Credits:  EPA; National Atmospheric Deposition Program

formation of acid rain                      map of acidity readings

ACID  RAIN
Airborne pollutants from the burning of fossil fuels 
are brought down to Earth in acidic precipitation--
damaging plants, animals, and objects.
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OZONE  DEPLETION
1. Ozone, an isotope of oxygen, forms a high layer protecting 

against the Sun’s ultraviolet radiation.
2. Refrigerants, aerosols, solvents and other sources of CFCs 

(chlorofluorocarbons) lead to the breakdown of ozone by uv rays.  
3. The loss of ozone leads to risks for plants and animals,--

(leading to skin cancer for people).

Credits: EPA; SVS, TOMS, NASA

causes of ozone depletion              ozone hole over Antarctica
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Greenhouse effect
1  some solar radiation reflected by Earth

2  some absorbed or reflected by atmosphere
3  most absorbed by Earth
4  some of that radiated into space

5  some absorbed by atmosphere
6  some of that reflected back to earth

GREENHOUSE  EFFECT

Credits:  Microsoft Clip Art (background);  for image of Earth: R. Stockli, A. Nelson, F. Hasler, NASA/GSFC/NOAA/USGS

Warming of greenhouse
A  some sunlight reflected

B  sunlight heats objects

C  surfaces emit longer wavelengths

D  heat contained by glass
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9.  WEATHER  PHENOMENA 
 
Rays and colors:  Certain phenomena in the sky occur because of the properties of light in the atmosphere.  
Rays of unobstructed sunlight illuminate particles in the air, but clouds and mountains cast darker shadows.  
Although the rays from the Sun arrive at the Earth in a nearly parallel fashion, they seem to diverge when 
viewed from a point on the Earth’s surface.  Crepuscular rays thus appear to emanate from the Sun in a 
display showing the effects of perspective...Dust, water droplets, aerosols, and minute suspended particles in 
the air scatter light.  The particles scatter the sun’s full spectrum of light in such a way that the sky looks 
blue, and sunsets red.  This is because when the Sun is lower in the sky, its rays must pass through more 
air—with its dust, water vapor, and aerosols.  The particles scatter shorter wavelengths of blues and greens, 
while allowing the yellows and oranges through.  Sunsets are even more pronounced after volcanic 
eruptions.  (Similarly, the copper color of the Moon during a lunar eclipse results from the Sun’s light 
passing through and being diffracted by the Earth’s atmosphere in its path to the Moon)...Temperature 
differences cause different layers of air to have different densities, making light rays bend.  Thus the Sun and 
Moon seems to flatten during rising and setting.  On a rare occasion, when the air is clear and the sunset is 
viewed over a distant horizon (as over the ocean), a “green flash” occurs.  The air particles are then both 
dispersing and refracting the Sun’s rays so as to create a separate image—a brief arc of green. 
 
Water and colors:  Light can be altered in three ways.  When light reaches a surface boundary, it can be 
refracted, or bent—as it is when a pencil is viewed in a glass of water.  When light reaches a surface 
boundary, it can be reflected, or bounced back—as it is when shining on the surface of a lake.  When light 
reaches an opening between particles, it can be diffracted, or its direction changed—as it is when the shape 
of the setting sun is distorted.  Water droplets and suspended ice crystals can refract, reflect, and diffract the 
light rays coming from the sun.  Rainbows sometimes appear when sunlight shines directly on falling rain.  
When a ray of light enters the spherical raindrop, it is refracted (bent at the drop’s surface), reflected 
internally, and refracted again on exiting.  Because red light is refracted to a lesser extent, the reds are on the 
outside of the (primary) rainbow.  In a double rainbow (secondary bow) the ray is reflected internally twice, 
and the colors are in reverse order...Light can be refracted, reflected and diffracted without water vapor 
actually falling:  Fogbows can be lit by sunlight, moonlight, or even car headlights...At times, there may be a 
glory at the center of a fogbow.  The glory occurs when the Sun shines on mist or on a cloud from a higher 
elevation (from an airplane or a mountaintop).  Colored rings (with blue on the inside) surround a brighter 
center which may include the shadow of a viewer, airplane, or mountain...These events will always be 
antisolar:  The Sun will be behind the viewer facing the rainbow, fogbow or glory. 
 
Ice and colors:  Light is also refracted, reflected and diffracted by ice crystals.  This time, however, the 
resulting  light images are in the same direction as the sun is.  In halos, tiny ice crystals in high cirrus clouds 
refract and reflect the sunlight or moonlight, creating pale rings.  (Coronas are similar in appearance, but 
they are diffraction by water droplets instead of ice.)...Sundogs can appear when the Sun is low in the sky 
and thin cirrus clouds are at an angle of 22 degrees away from the Sun.  Their small arcs of refracted light 
look like small pieces of a rainbow...Sun pillars, in contrast, are vertical bands of light just above or below 
the Sun.  With them, sunlight is reflected by falling ice crystals, a form of virga. 
 
Water and ice on the ground:  As the temperature drops, air can no longer hold as much water vapor.  If 
the ground is relatively warm, dew forms; if it is colder, frost or rime ice forms.  Dew is the condensation of 
water vapor on cool surfaces...Frost can occur either when water vapor condenses and then freezes or when 
water vapor sublimates.  As in the case of snow, sublimating gaseous water vapor forms solid crystals 
directly, without going through the liquid phase...Rime ice is created when supercooled water droplets or fog 
freezes on contact with cold surfaces.  Since the rime ice forms so quickly, “flags” of ice can build in the 
direction from which the wind is coming.  (In each of these the water vapor is deposited first on those 
surfaces most exposed, such as blades of grass or twigs on trees, because they are the quickest to lose heat 
through radiation.) 
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10. GLOBAL  ISSUES 
 
 
Acid rain:   Human activity has created problems with the Earth’s water, air, and temperature.  Pollution has rendered 
precipitation harmful to plants, animals, and people.  Research has shown that damage has occurred in New York 
lakes, midAtlantic coastal streams, and the mountains exposed to acidic clouds and fog.  This damage can be traced to 
sulfur dioxide and various nitrous oxides—solid waste products from the burning of fossil fuels.   (Also contributing 
to the problems are VOC’s, volatile organic compounds, which are the unburned hydrocarbons from fuels that have 
evaporated.)  These pollutants are mostly given off by gasoline engines used in transportation and the coal-fired 
power plants that generate electricity...In the air, particles impair visibility and can contribute to asthma, bronchitis 
and other lung difficulties.  In dry deposition, the particles settle to the Earth, where rain washes them away, in acidic 
runoff.  In wet deposition, the particles are brought down to Earth in rain, fog, or snow.  Either way, the oxides 
change into sulfuric and nitric acids, changing the character of surface water.  (While pure water has a pH of 7, 
normal rain has a pH of 6.6 due to the conversion of naturally formed carbon dioxide to weak carbonic acid.  Acidic 
rain, in contrast, has a pH of 4.3.)  The heightened acidity of ground water causes a variety of problems:  As for 
animals, the most vulnerable are fish, with eggs not hatching, adults not spawning, and the young adversely affected.  
As for plants, leaves and needles are damaged or stripped, leaving trees more susceptible to the ravages of cold and 
disease.  As for manmade structures, metals corrode and marble and limestone deteriorate in acid rain.  As a result, 
buildings, bridges, statues, monuments, and automobile paint are at risk…Using alternative energy sources, hybrid 
cars, and catalytic converters can reduce acid rain and its harmful effects. 
 
Ozone hole:  Ozone is an isotope of oxygen in which three individual oxygen atoms are chemically bound together 
(instead of two, in the form of oxygen needed for breathing).  If it naturally collected near the surface of the Earth in 
concentrated amounts, it would be harmful, especially to plants and the lungs of animals.  Instead it accumulates 
higher up in the stratosphere—where it provides a protective shield against the damaging ultraviolet rays in 
sunlight…Chlorofluorocarbons (from refrigerants, aerosols, propellants, foams, and cleaning solvents) are pollutants 
released into the atmosphere.  These CFC’s rise to the stratosphere where the ultraviolet rays from the Sun break them 
down.  Below -100 degrees, in the presence of ice clouds over the poles, the released chlorine acts as a catalyst to 
break down ozone molecules into oxygen molecules.  Ozone depletion has been greatest over Antarctica, and the size 
and duration of the “ozone hole” is monitored closely.  The risks from the increased ultraviolet radiation are 
widespread—for phytoplankton, for fish eggs, for leaf development in young plants, and for people (aging skin, skin 
cancer, eye damage, and immune system suppression). 
 
Greenhouse effect and global warming:  Industrialization and other human endeavors are disturbing other balances 
in the atmosphere.  Nature’s oxygen-carbon dioxide cycle has been disturbed by human activities.  Before the 
Industrial Revolution, the carbon dioxide given off by respiration in animals was used by plants during 
photosynthesis.  The plants, in turn, released oxygen which was again used in respiration.  Along with the “advances” 
in civilization, come byproducts of our technological and industrial processes:  Heating, factories, transportation, 
deforestation, mining, livestock, and landfills produce increased amounts of carbon dioxide, methane gas and 
pollutants.  The resulting thickening of the atmosphere warms the Earth, similar to the air heated in a greenhouse...In 
a greenhouse, some of the Sun’s short wavelength radiation is reflected by the glass (A).  Most of the rest reaches the 
soil, plants, and floor—heating them (B).  Longer wavelength infrared radiation is emitted by the surfaces, but these 
longer waves do not pass back out through the glass (C).  The air heated near the surfaces rises due to convection (D), 
but it and its heat energy are nevertheless contained by the glass...The atmosphere, in a similar fashion, keeps the 
Earth warm by preventing heated air and infrared radiation from escaping into space.  Of the total amount of the Sun’s 
energy reaching us, (1) a small amount of solar radiation is reflected by the Earth; (2) a small amount is absorbed or
reflected by the atmosphere; and (3) most is absorbed by the Earth itself.  Of that amount, (4) a small portion is 
radiated into space as infrared radiation ; (5) some is absorbed by the atmosphere; and (6) some of that is re-emitted 
by the atmosphere back to the Earth’s surface…The resulting rising temperatures have been linked to a myriad of 
changes in the Earth’s ecosystems:  Trees can survive further north and at higher elevations; snow cover and glaciers 
melt: sea ice thins; animal habitats are threatened; bird migration patterns shift northward; fish die because of depleted 
oxygen in warming waters; oceans rise; deserts expand; and El Nino occurs more often…Problems from acid rain, the 
ozone hole, the greenhouse effect, and global warming will worsen unless people change their ways. 
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