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INTERACTION OF EMR WITH EARTH'S SURFACES

INTRODUCTION

WHEN ELECTROMAGNETIC ENERGY REACHES THE EARTH'S SURFACE THERE
ARE THREE POSSIBLE ENERGY INTERACTIONS WITH THE SURFACE FEATURE:

e REFLECTION. OCCURS WHEN RADIATION "BOUNCES'" OFF THE TARGET
AND IS REDIRECTED

e ABSORPTION. OCCURS WHEN RADIATION (ENERGY) IS ABSORBED INTO
THE TARGET

¢ TRANSMISSION. OCCURS WHEN RADIATION PASSES THROUGH A TARGET

AS WE KNOW FROM THE PRINCIPLE OF ENERGY CONSERVATION, ENERGY

CAN NEITHER BE CREATED NOR DESTROYED, BUT IT CAN BE TRANSFERRED:

£f A= Incident energy

£ A= Reflected energy

/

£fA)= Absorbed energy £f A= Transmitted energy
Ei(N) = Er(N + EAN) + ET(N
WHERE:
EiN) = INCIDENT ENERGY (FROM SUN)
ErN) = REFLECTED ENERGY
EAN) = ABSORBED ENERGY

ET(N) = TRANSMITTED ENERGY

THE PROPORTION OF ENERGY REFLECTED, ABSORBED AND TRANSMITTED
WILL VARY DEPENDING ON THE SURFACE MATERIAL, CONDITION AND
WAVELENGTH OF THE ENERGY. FOR EXAMPLE. VEGETATION AND SOILS CAN
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REFLECT APPROXIMATELY 30-50% OF THE INCIDENT ENERGY (ACROSS THE
ENTIRE EM SPECTRUM) WHILE WATER ON THE OTHER HAND REFLECTS ONLY
10% OF INCIDENT ENERGY. WATER REFLECTS MOST OF THIS IN THE VISIBLE
RANGE, MINIMAL IN THE NIR AND BEYOND 1.2 uM (MIDINFRARED) WATER

ABSORBS NEARLY ALL ENERGY.

REFLECTANCE

REFLECTION OCCURS WHEN INCOMING ENERGY BOUNCES OFF A SURFACE

AND IS REFLECTED BACK. THE AMOUNT OF REFLECTION VARIES WITH:

¢ WAVELENGTH OF ENERGY
¢ GEOMETRY OF THE SURFACE
¢ SURFACE MATERIALS

THE COLOR OF AN OBJECT IS ACTUALLY THE WAVELENGTHS OF THE LIGHT
REFLECTED WHILE ALL OTHER WAVELENGTHS ARE ABSORBED.

SPECTRAL REFLECTANCE

Spectral Reflectance Curve of Vegetation
60

50

40

30

Reflectance (%)

20

10

0 T T T T T T T T T T

04 06 08 1 122 14 16 18 2 29¢ 24

Wavelength (um)
DIFFERENT SURFACE FEATURES REFLECT AND ABSORB THE SUN'S
ELECTROMAGNETIC RADIATION IN DIFFERENT WAYS. THE REFLECTANCE
PROPERTIES OF AN OBJECT DEPEND ON THE MATERIAL AND ITS PHYSICAL
AND CHEMICAL STATE, THE SURFACE ROUGHNESS AS WELL AS THE ANGLE
OF THE SUNLIGHT. THE REFLECTANCE OF A MATERIAL ALSO VARIES WITH
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THE WAVELENGTH OF THE ELECTROMAGNETIC ENERGY. THE AMOUNT OF
REFLECTANCE FROM A SURFACE CAN BE MEASURED AS A FUNCTION OF
WAVELENGTH, THIS IS REFERRED TO AS SPECTRAL REFLECTANCE.
SPECTRAL REFLECTANCE IS A MEASURE OF HOW MUCH ENERGY (AS A
PERCENT) A SURFACE REFLECTS AT A SPECIFIC WAVELENGTH. MANY
SURFACES REFLECT DIFFERENT AMOUNT OF ENERGY IN DIFFERENT
PORTIONS OF THE SPECTRUM. THESE DIFFERENCES IN REFLECTANCE MAKE
IT POSSIBLE TO IDENTIFY DIFFERENT EARTH SURFACE FEATURES OR
MATERIALS BY ANALYZING THEIR SPECTRAL REFLECTANCE
SIGNATURES. SPECTRAL REFLECTANCE CURVES GRAPH THE REFLECTANCE
(IN PERCENT) OF OBJECTS AS A FUNCTION OF WAVELENGTHS.

SPECTRAL REFLECTANCE OF EARTH SURFACE FEATURES

VEGETATION

IN GENERAL, HEALTHY VEGETATION IS A VERY GOOD ABSORBER OF
ELECTROMAGNETIC ENERGY IN THE VISIBLE REGION. CHLOROPHYLL
STRONGLY ABSORBS LIGHT AT WAVELENGTHS AROUND 0.45 (BLUE) AND
0.67 uM (RED) AND REFLECTS STRONGLY IN GREEN LIGHT, THEREFORE OUR
EYES PERCEIVE HEALTHY VEGETATION AS GREEN. HEALTHY PLANTS HAVE A
HIGH REFLECTANCE IN THE NEAR-INFRARED BETWEEN O.7 AND 1.3 uM. THIS
IS PRIMARILY DUE TO HEALTHY INTERNAL STRUCTURE OF PLANT LEAVES. AS
THIS INTERNAL STRUCTURE VARIES AMONGST DIFFERENT PLANT SPECIES,
THE NEAR INFRARED WAVELENGTHS CAN BE USED TO DISCRIMINATE
BETWEEN DIFFERENT PLANT SPECIES.

WATER

IN ITS LIQUID STATE, WATER HAS RELATIVELY LOW REFLECTANCE, WITH
CLEAR WATER HAVING THE GREATEST REFLECTANCE IN THE BLUE PORTION
OF THE VISIBLE PART OF THE SPECTRUM. WATER HAS HIGH ABSORPTION
AND VIRTUALLY NO REFLECTANCE IN NEAR INFRARED WAVELENGTHS RANGE
AND BEYOND. TURBID WATER HAS A HIGHER REFLECTANCE IN THE VISIBLE
REGION THAN CLEAR WATER. THIS IS ALSO TRUE FOR WATERS CONTAINING
HIGH CHLOROPHYLL CONCENTRATIONS.
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ICE AND SNOW

ICE AND SNOW GENERALLY HAVE HIGH REFLECTANCE ACROSS ALL VISIBLE
WAVELENGTHS, HENCE THEIR BRIGHT WHITE APPEARANCE. REFLECTANCE
DECREASES IN THE NEAR INFRARED PORTION AND THERE IS VERY LOW
REFLECTANCE IN THE SWIR (SHORTWAVE INFRARED). THE LOW
REFLECTION OF ICE AND SNOW IN THE SWIR IS RELATED TO THEIR
MICROSCOPIC LIQUID WATER CONTENT. REFLECTANCE DIFFERS FOR SNOW
AND ICE DEPENDING ON THE ACTUAL COMPOSITION OF THE MATERIAL

INCLUDING IMPURITIES AND GRAIN SIZE.
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WAVELENGTH, IN MICROMETERS
SPECTRAL REFLECTANCE CURVES OF BARE GLACIER ICE, COARSE-GRAINED

SNOW, AND FINE-GRAINED SNOW. SPECTRAL BANDS OF SELECTED SENSOR
ON EARTH-ORBITING SATELLITES ARE SHOWN IN GRAY. THE NUMBERS IN
THE GRAY BOXES REFER TO THE ASSOCIATED BAND NUMBERS OF EACH
SENSOR. IMAGE CREDIT. USGS

SOIL

BARE SOIL GENERALLY HAS AN INCREASING REFLECTANCE, WITH GREATER
REFLECTANCE IN NEAR-INFRARED AND SHORTWAVE INFRARED. SOME OF
THE FACTORS AFFECTING SOIL REFLECTANCE ARE:

¢ MOISTURE CONTENT

e SOIL TEXTURE (PROPORTION OF SAND, SILT, AND CLAY)
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¢ SURFACE ROUGHNESS
e PRESENCE OF IRON OXIDE

¢ ORGANIC MATTER CONTENT

MEASURING SPECTRAL REFLECTANCE

THERE ARE MANY DIFFERENT WAYS THAT THE SPECTRAL REFLECTANCE
PATTERN OF AN OBJECT OR SURFACE CAN BE RECORDED. REFLECTANCE
MEASUREMENTS CAN BE MADE IN THE LABORATORY, IN THE FIELD USING A
FIELD SPECTROMETER OR CAPTURED BY OTHER REMOTE SENSORS

INCLUDING THOSE MOUNTED ON AIRCRAFT AND SATELLITE.

o < ",

COLLECTION OF FIELD SPECTRAL REFLECTANE MEASUREMENTS FOR THE

USGS SPECTRAL LIBRARY. IMAGE CREDIT. USGS

THE LEVEL OF DETAIL OF THE REFLECTANCE CURVE (NUMBER OF DATA
POINTS COLLECTED) DEPENDS ON THE SPECTRAL RESOLUTION OF THE
SENSOR. LABORATORY AND FIELD SPECTROMETERS TYPICALLY COLLECT
HUNDREDS OF DATA POINTS, MEASURING THE PERCENT REFLECTANCE OF A
MATERIAL AT HUNDREDS OF WAVELENGTHS. THE LANDSAT 8 OLI
(OPERATIONAL LAND IMAGER) ONLY MEASURES REFLECTANCE AT NINE
DIFFERENT BANDS (OR SPECIFIC WAVELENGTHS) BETWEEN 400 TO 2500
NANOMETERS, WHILE ADVANCED HYPERSPECTRAL SENSORS LIKE
AIRBORNE VISIBLE/ INFRARED IMAGING SPECTROMETER (AVIRIS) MEASURE
224 BANDS IN THE SAME WAVELEGNTH RANGE.
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COMPARISON OF SPECTRAL REFLECTANCE CURVES FOR ALUNITE FROM
FOUR SENSORS (LANDSAT TM, MODIS, AVIRIS AND LABORATORY SENSOR)
WITH DIFFERENT SPECTRAL RESOLUTIONS. IMAGE CREDIT: USGS

IN THE ABOVE IMAGE, THE LANDSAT THEMATIC MAPPER (TM) HAS ONLY SIX
BANDS IN THE VISIBLE TO SHORTWAVE-INFRARED SPECTRUM WHICH ISN'T
SUFFICIENT RESOLUTION TO DETECT ANY ABSORPTIONS TYPICAL IN
MINERALS. AVIRIS, HOWEVER, HAS SUFFICIENT SPECTRAL RANGE AND
RESOLUTION TO RESOLVE MANY COMMON ABSORPTION BANDS FOUND IN A
WIDE VARIETY OF MINERALS AND OTHER COMPOUNDS.

GEOMETRY

THE SURFACE GEOMETRY OF AN OBJECT IS AN IMPORTANT CONSIDERATION
WHEN DISCUSSING REFLECTANCE. THIS IS PRIMARILY A FUNCTION OF THE
SURFACE ROUGHNESS OF AN OBJECT.
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SPECULAR REFLECTORS

SPECULAR REFLECTORS ARE FLAT SURFACES THAT PRODUCE MIRROR LIKE
REFLECTIONS. MIRRORS AND CALM SURFACES OF LAKES ARE SPECULAR
REFLECTORS AND PRODUCE MIRROR-LIKE REFLECTIONS. ON AN IDEAL
SPECULAR REFLECTOR THE ANGLE OF INCIDENCE IS EQUAL TO THE ANGLE
REFLECTION.

Specular reflector

Reflected
ray

Incident

DIFFUSE OrR LAMBERTIAN REFLECTORS

DIFFUSE OR LAMBERTIAN REFLECTORS ARE ROUGH SURFACES THAT
REFLECT UNIFORMLY IN ALL DIRECTIONS. MOST SURFACES ARE IDEALIZED
DIFFUSE OR LAMBERTIAN REFLECTORS.

Diffuse (lambertian) reflector

//’I\\

MOST OF THE SURFACES ON EARTH ARE NEITHER PERFECTLY SPECULAR OR
DIFFUSE REFLECTOR BUT THEIR CHARACTERISTICS ARE SOMEWHERE IN
BETWEEN.
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IRRADIANCE VS RADIANCE VS REFLECTANCE
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Processes

THE TOTAL QUANTITY OF INCOMING ENERGY (LIGHT) FROM THE SUN IS
KNOWN AS IRRADIANCE. SATELLITES MEASURE RADIANCE (BRIGHTNESS), OR
THE AMOUNT OF LIGHT. OBJECTS ON THE GROUND ARE OFTEN
CHARACTERIZED BY THEIR REFLECTANCE, OR THE PERCENTAGE OF THE
TOTAL ENERGY THAT IS REFLECTED. THE ATMOSPHERE AFFECTS THE
RADIANCE RECEIVED BY THE SENSOR IN TWO WAYS!

1. IT CAN REDUCE (OR ATTENUATES) THE ENERGY

2. ATMOSPHERE ITSELF IS A REFLECTOR, ADDING ENERGY OR “PATH
RADIANCE” TO THE SIGNAL DETECTED BY THE SENSOR

IN REMOTE SENSING WE ARE GENERALLY INTERESTED IN THE REFLECTANCE

CHARACTERISTICS OF SURFACE FEATURES. REFLECTANCE IS THE PERCENT

OF INCOMING INCIDENT ENERGY THAT IS REFLECTED. THIS IS ALWAYS

MEASURED AS A FUNCTION OF WAVELENGTH AND IS GIVEN AS A PERCENT.
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SPECTRAL REFLECTANCE
pA = ErWN) / EiN
OR

% REFLECTANCE = AMOUNT OF REFLECTED ENERGY/TOTAL ENERGY X
100

REFERENCE!

HTTP./ /GSP.HUMBOLDT.EDU/OLM/COURSES/GSP_216_ONLINE/LESS
ONZ2-1/SURFACE.HTML
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