STUDY MATERIAL FOR STUDENTS OF DEPARTMENT OF
GEOGRAPHY, B.P.CHALIHA COLLEGE

INTERACTIONS WITH THE ATMOSPHERE

BEFORE THE ELECTROMAGNETIC RADIATION USED FOR REMOTE SENSING
REACHES THE EARTH'S SURFACE IT HAS TO TRAVEL THROUGH SOME DISTANCE OF
THE EARTH'S ATMOSPHERE. PARTICLES AND GASES IN THE ATMOSPHERE CAN
AFFECT THE INCOMING LIGHT AND RADIATION. THESE EFFECTS ARE CAUSED BY
THE MECHANISMS OF SCATTERING AND ABSORPTION.

B CCRS/CCT

SCATTERING OCCURS WHEN PARTICLES OR LARGE GAS MOLECULES PRESENT IN
THE ATMOSPHERE INTERACT WITH AND CAUSE THE ELECTROMAGNETIC RADIATION
TO BE REDIRECTED FROM ITS ORIGINAL PATH. HOW MUCH SCATTERING TAKES
PLACE DEPENDS ON SEVERAL FACTORS INCLUDING THE WAVELENGTH OF THE
RADIATION, THE ABUNDANCE OF PARTICLES OR GASES, AND THE DISTANCE THE
RADIATION TRAVELS THROUGH THE ATMOSPHERE. THERE ARE THREE (3) TYPES OF
SCATTERING WHICH TAKE PLACE.

e RAYLEIGH SCATTERING
e MIE SCATTERING
e NONSELECTIVE SCATTERING
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E CCRSJCCT

RAYLEIGH SCATTERING OCCURS WHEN PARTICLES ARE VERY SMALL COMPARED
TO THE WAVELENGTH OF THE RADIATION. THESE COULD BE PARTICLES SUCH AS
SMALL SPECKS OF DUST OR NITROGEN AND OXYGEN MOLECULES. RAYLEIGH
SCATTERING CAUSES SHORTER WAVELENGTHS OF ENERGY TO BE SCATTERED
MUCH MORE THAN LONGER WAVELENGTHS. RAYLEIGH SCATTERING IS THE
DOMINANT SCATTERING MECHANISM IN THE UPPER ATMOSPHERE. THE FACT THAT
THE SKY APPEARS ""BLUE" DURING THE DAY IS BECAUSE OF THIS PHENOMENON. AS
SUNLIGHT PASSES THROUGH THE ATMOSPHERE, THE SHORTER WAVELENGTHS (I.E.
BLUE) OF THE VISIBLE SPECTRUM ARE SCATTERED MORE THAN THE OTHER
(LONGER) VISIBLE WAVELENGTHS. AT SUNRISE AND SUNSET THE LIGHT HAS TO
TRAVEL FARTHER THROUGH THE ATMOSPHERE THAN AT MIDDAY AND THE
SCATTERING OF THE SHORTER WAVELENGTHS IS MORE COMPLETE; THIS LEAVES A
GREATER PROPORTION OF THE LONGER WAVELENGTHS TO PENETRATE THE
ATMOSPHERE.
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Rotation

BCCRSJCCT

MIE SCATTERING OCCURS WHEN THE PARTICLES ARE JUST ABOUT THE SAME SIZE
AS THE WAVELENGTH OF THE RADIATION. DUST, POLLEN, SMOKE AND WATER
VAPOUR ARE COMMON CAUSES OF MIE SCATTERING WHICH TENDS TO AFFECT
LONGER WAVELENGTHS THAN THOSE AFFECTED BY RAYLEIGH SCATTERING. MIE
SCATTERING OCCURS MOSTLY IN THE LOWER PORTIONS OF THE ATMOSPHERE
WHERE LARGER PARTICLES ARE MORE ABUNDANT, AND DOMINATES WHEN CLOUD
CONDITIONS ARE OVERCAST.

E CCRSJCCT

THE FINAL SCATTERING MECHANISM OF IMPORTANCE IS CALLED NONSELECTIVE
SCATTERING. THIS OCCURS WHEN THE PARTICLES ARE MUCH LARGER THAN THE
WAVELENGTH OF THE RADIATION. WATER DROPLETS AND LARGE DUST PARTICLES
CAN CAUSE THIS TYPE OF SCATTERING. NONSELECTIVE SCATTERING GETS ITS
NAME FROM THE FACT THAT ALL WAVELENGTHS ARE SCATTERED ABOUT EQUALLY.
THIS TYPE OF SCATTERING CAUSES FOG AND CLOUDS TO APPEAR WHITE TO OUR
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EYES BECAUSE BLUE, GREEN, AND RED LIGHT ARE ALL SCATTERED IN
APPROXIMATELY EQUAL QUANTITIES (BLUE+GREEN+RED LIGHT = WHITE LIGHT).

® CCRS/CCT ABSORPTION IS THE OTHER MAIN MECHANISM
AT WORK WHEN ELECTROMAGNETIC RADIATION INTERACTS WITH THE
ATMOSPHERE. IN CONTRAST TO SCATTERING, THIS PHENOMENON CAUSES
MOLECULES IN THE ATMOSPHERE TO ABSORB ENERGY AT VARIOUS WAVELENGTHS.
OZONE, CARBON DIOXIDE, AND WATER VAPOUR ARE THE THREE MAIN
ATMOSPHERIC CONSTITUENTS WHICH ABSORB RADIATION.

OZONE SERVES TO ABSORB THE HARMFUL (TO MOST LIVING THINGS) ULTRAVIOLET
RADIATION FROM THE SUN. WITHOUT THIS PROTECTIVE LAYER IN THE
ATMOSPHERE OUR SKIN WOULD BURN WHEN EXPOSED TO SUNLIGHT.

YOU MAY HAVE HEARD CARBON DIOXIDE REFERRED TO AS A GREENHOUSE GAS.
THIS IS BECAUSE IT TENDS TO ABSORB RADIATION STRONGLY IN THE FAR
INFRARED PORTION OF THE SPECTRUM - THAT AREA ASSOCIATED WITH THERMAL
HEATING - WHICH SERVES TO TRAP THIS HEAT INSIDE THE ATMOSPHERE. WATER
VAPOUR IN THE ATMOSPHERE ABSORBS MUCH OF THE INCOMING LONGWAVE
INFRARED AND SHORTWAVE MICROWAVE RADIATION (BETWEEN 22uM AND 1M).
THE PRESENCE OF WATER VAPOUR IN THE LOWER ATMOSPHERE VARIES GREATLY
FROM LOCATION TO LOCATION AND AT DIFFERENT TIMES OF THE YEAR. FOR
EXAMPLE, THE AIR MASS ABOVE A DESERT WOULD HAVE VERY LITTLE WATER
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VAPOUR TO ABSORB ENERGY, WHILE THE TROPICS WOULD HAVE HIGH
CONCENTRATIONS OF WATER VAPOUR (I.E. HIGH HUMIDITY).
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BECAUSE THESE GASES ABSORB ELECTROMAGNETIC ENERGY IN VERY SPECIFIC
REGIONS OF THE SPECTRUM, THEY INFLUENCE WHERE (IN THE SPECTRUM) WE CAN
"LOOK" FOR REMOTE SENSING PURPOSES. THOSE AREAS OF THE SPECTRUM
WHICH ARE NOT SEVERELY INFLUENCED BY ATMOSPHERIC ABSORPTION AND THUS,
ARE USEFUL TO REMOTE SENSORS, ARE CALLED ATMOSPHERIC WINDOWS. BY
COMPARING THE CHARACTERISTICS OF THE TWwO MOST COMMON
ENERGY/RADIATION SOURCES (THE SUN AND THE EARTH) WITH THE ATMOSPHERIC
WINDOWS AVAILABLE TO US, WE CAN DEFINE THOSE WAVELENGTHS THAT WE CAN
USE MOST EFFECTIVELY FOR REMOTE SENSING. THE VISIBLE PORTION OF THE
SPECTRUM, TO WHICH OUR EYES ARE MOST SENSITIVE, CORRESPONDS TO BOTH
AN ATMOSPHERIC WINDOW AND THE PEAK ENERGY LEVEL OF THE SUN. NOTE ALSO
THAT HEAT ENERGY EMITTED BY THE EARTH CORRESPONDS TO A WINDOW
AROUND 10 uM IN THE THERMAL IR PORTION OF THE SPECTRUM, WHILE THE LARGE
WINDOW AT WAVELENGTHS BEYOND 1 MM IS ASSOCIATED WITH THE MICROWAVE
REGION.

NOw THAT WE UNDERSTAND HOW ELECTROMAGNETIC ENERGY MAKES ITS
JOURNEY FROM ITS SOURCE TO THE SURFACE (AND IT IS A DIFFICULT JOURNEY, AS
YOU CAN SEE) WE WILL NEXT EXAMINE WHAT HAPPENS TO THAT RADIATION WHEN
IT DOES ARRIVE AT THE EARTH'S SURFACE.
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DID YOU KNOW?

"...SORRY, NO POT OF GOLD AT THE END OF THIS RAINBOW..."

B CCRS 1 CET

...WATER DROPLETS ACT AS TINY, INDIVIDUAL PRISMS. WHEN SUNLIGHT PASSES
THROUGH THEM, THE CONSTITUENT WAVELENGTHS ARE BENT IN VARYING
AMOUNTS ACCORDING TO WAVELENGTH. INDIVIDUAL COLOURS IN THE SUNLIGHT
ARE MADE VISIBLE AND A RAINBOW IS THE RESULT, WITH SHORTER WAVELENGTHS
(VIOLET, BLUE) IN THE INNER PART OF THE ARC, AND LONGER WAVELENGTHS
(ORANGE, RED) ALONG THE OUTER ARC.

...IF SCATTERING OF RADIATION IN THE ATMOSPHERE DID NOT TAKE PLACE, THEN
SHADOWS WOULD APPEAR AS JET BLACK INSTEAD OF BEING VARIOUS DEGREES
OF DARKNESS. SCATTERING CAUSES THE ATMOSPHERE TO HAVE ITS OWN
BRIGHTNESS (FROM THE LIGHT SCATTERED BY PARTICLES IN THE PATH OF
SUNLIGHT) WHICH HELPS TO ILLUMINATE THE OBJECTS IN THE SHADOWS.
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