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Earth’s Spheres

The thin layer made up of a mixture of gases and
particles suspended in the air that surround the
Earth (predominantly N,, O,, Ar, CO,, and H,0)

A sphere that includes the liquid ocean, inland
water bodies, and groundwater

Hydrosphere

A subset of the Hydrosphere that consists of frozen
water

Cryosphere

A sphere that includes the solid Earth; the core,
mantle, crust, and soil layers

Biosphere
A sphere that Includes all of Earth’s organisms, R 3

including humans, and matter that has not yet ryosphere

decomposed




Earth’s Land and Ocean

Earth’s surface area:
Water 71%
Land: 299,




Earth’s Water

Where it is....

All water on earth

Saline O7T%—_ -
Freshwater 3%
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Grouncdwater 30.1%

~Other 0.9%

lcacaps and Surface water 0.3%
Glaciers 68.7%

Rivers 2% Swamps 11%

Oceans : 97%
Glaciers: ~2%
Ground water: ~0.9%

Surface water: ~0.01%

Atmosphere: ~ 0.001%



"S Cryosphere

Sea Ice: Affects ~15% of the ocean surface,
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Sea ice and snow extent changes with season
and with time (climate) A O




Earth’s Atmosphere

What we are breathing with....

Nitrogen an oxygen make
~99% of the Earth’s
atmosphere

Argon (Ar)
0.93%

All other gases, 0.04%

Carbon dioxide (CO,) | 0.035%

Neon (Ne) 0.0018%

Helium (He) 0.00052%
Methane (CH,) 0.00014%
Krypton (Kr) 0.00010%
Nitrous oxide (N>O) |0.00005%
Hydrogen (H,) | 0.00005%

Ozone ( 03) 0.000007%




Other Gases

Which of them are
“greenhouse”
gases ?

All other gases, 0.04%

Carbon dioxide (CO,)
Neon (Ne)

Helium (He)

Methane (CH, )
Krypton [Kr)

Nitrous oxide (N50)
Hydrngen(H )
Omnefos)

0.035%

0.0018%
0.00052%

10.00014%
10.00010%

0.00005%

0.00005%
0.000007%

/1

Greenhouse gases absorbing

thermal radiation, may

contribute to global warming

Water Vapor: 0 — 0.04% by

volume

Provides the strongest
greenhouse effect




Altiude (km)

Atmosphere: Vertical Structure
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Temperature

Mean temperature
gradient in the
troposphere is -
6.5K/km

Temperature increase
in the stratosphere is
due to ozone layer
absorption



Most
weather
processes
OCCUr In

troposphere,

STRATOSPHERE

DZ0OME LAYER

within 10-12
km from the
ground
surface

ALTITUDE (KILOMETERS)




At any time about 60% of the Earth’s surface is covered
with clouds.

Clouds consist of small water droplets or ice crystals

Clouds form when rising
moist air cools to the dew
point temperature and
condensation occurs
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Clouds are an important
factor for satellite remote

_ sensing
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Cloud Types

e Cc Cs ci

Cirrocumulus  Cirrostratus Cirrus
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Low

Three levels. Ten basic types. Names have Latin roots.
Cumulus: Heap, Stratus: Layer, Cirrus: Curl
Nimbus: Rain, Alto: High



Cirrus Cirrostratus

Cloud Types

Cumulus (fair weather) Stratus Cumulus (with development) Cumulonimbus



Radiation Basics



Electromagnetic radiation

Electromagnetic radiation can be described in terms of a stream of particles
with no electrical charge, called photons.

They travel in a wave-like pattern at the speed of light. Each photon
contains a certain amount of energy.

The different types of radiation are defined by the amount of energy found in
the photons, starting with radio waves with low energies.

Microwave photons have a little more energy, infrared photons have still
more, then visible, ultraviolet, X-rays, and, the most energetic of all,
gamma-rays.

Electric Field Oscillation

Magnet Field Oscillation



Electromagnetic radiation

* Photons are elementary particles, meaning that they are the smallest piece of light
possible.

* |In physics, energy is the property that is transferred to an object in order to
perform work, such as creating heat.

« Common forms of energy include the kinetic energy of a moving object, the
potential energy stored by an object’s position in gravitational, electric or magnetic
forces, the elastic energy stored by stretching solid objects, the chemical energy
released when a fuel burns, the radiant energy carried by light, and the thermal
energy of an object’s temperature.
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Wavelength and Frequency

Wavelength (A): Distance between
successive crests of a wave

displacement ——

Frequency (f): Number of oscillations
per unit of time

distance ——— »
A=C/f o= wavelength
V= amplitude
Where C is the Speed Of Ilght Pnbiic domain image via Wikipedia Creative Comimaens

Wavelength units: meters (m), centimeters, (cm, 10?m, micrometers (um,
10°m), nanometers (nm, 10°m)

Frequency units: Hz (sec? ), MHz (10° sec!), GHz (10° sec )

Frequency and wavelength are inversely related.



Electromagnetic spectrum

Short wavelength Long wavelength
— ) i
10 nm 103 nm 1nm 10°nm 10° nm Tm 10°m

1 1 | 1 | 1 1

Infrared Microwaves Radio waves

| | I I I I
10'?Hz VHz 10%Hz 10°Hz 10°Hz 107 Hz
Low frequency

0.38 um 0.78 1 1.7 3 5 8 12um

Gamma rays X rays Ultraviolet
T T T T 1
10%Hz  10%Hz 10°°Hz 10"®Hz 10'¢

High frequency

For Earth’s remote sensing purposes most interesting is the range from 0.35
um to 10 cm

Electromagnetic waves with higher frequencies, X-rays and gamma-rays, have shorter
wavelengths. Consequently, electromagnetic waves like radio waves and microwaves
have lower frequencies and longer wavelengths.

Shorter wavelengths: Full absorption at high altitudes in the atmosphere

Longer wavelengths: High commercial use



UltraViolet Range

Short wavelength Long wavelength
— ) i
10°°nm 103 nm 1nm 10°nm 10° nm 1m 10°m
1 ] 1 1 | | |

Infrared Microwaves Radio waves

T T T T T T
10"?Hz VHz 10°Hz 10°Hz 104Hz 10?Hz
Low frequency

0.38 pm D. 1 1.7 3 5 8 12 pm

Gamma rays X rays Ultraviolet
1 1 1 I I
10*Hz  10%2Hz 10°°Hz 10"¥Hz 10'%H

High frequency

Near UV (0.35-0.40um) :The shortest wavelengths which
are practical for remote sensing.



Visible Range

Short wavelength ; Long wavelengthl
I 1
105 nm 10 nm 1nm 10°nm 10° nm Im 10°m
| 1 1 1 1 1 |
Gamma rays X rays Ultraviolet Infrared Microwaves Radio waves
1 T 1 T T | T T T T T
10%*Hz 10%2Hz 10°°Hz 10'%Hz 10'¢ 10'?Hz YHz 10°Hz 10°Hz 10*Hz 102Hz
High frequency Low frequency

H NIR |SWIR m LWIR

0.38 pm 0.78 1.7 3 5 8 12 um

-

Violet: 0.4-0.446 ym
Blue: 0.446 - 0.500 pm
Green: 0.500-0.578 uym
Yellow: 0.578 - 0.592 ym
Orange: 0.592 - 0.620 pm
Red: 0.620 - 0.78 uym



Infrared Range

Short wavelength Long wavelength
L J

I 1

10°°nm 103nm 1nm 10°nm 10° nm m 10°m
1 ] 1 1 1 ] L

Infrared Microwaves Radio waves
T T T T T
10"2Hz VHz 10°Hz 10°Hz 10°Hz 10?Hz

Low frequency

Gamma rays X rays Ultraviolet
T T T T T
10Hz  10%Hz 10°Hz 10"¥Hz 10'¢

High frequency
H NIR |SWIR M LWIR

0.38 pm 0.78 1 1.7 3 5 8 12 um

NIR: Near-Infrared (0.78-1um)
SWIR: Shortwave Infrared (1-3um)
MWIR: Middle Infrared (3-8 um)
LWIR: Longwave or Thermal

or Far infrared (8-100um)



Microwave Range

Short wavelength : Long wavelengthl
) 1

10°°nm 103nm 1nm 10°nm 10° nm m 10°m
1 ] 1 1 1 ] L

Gamma rays X rays Ultraviolet Infrared Microwaves Radio waves
T T T T T T T T T
10Hz  10%Hz 10°Hz 10"¥Hz 10'¢ 10°H 10°Hz 10*Hz 107 Hz
High frequency Low frequency

e

0.38 pm 0.78 1

Microwave: 0.1cmto 10 cm

These are the longest wavelengths used
for remote sensing.



Radiation, Absolute Temperature

and Black Body

All bodies with a temperature above absolute zero (-273° C) radiate heat in

the form of longwave, infrared radiation.

Absolute temperature in deg K is related to the temperature in deg C as

T[K] = T[C] + 273.15

Standard and absolute temperature scales

boiling point of water

freezing point of water

absolute zero

© Encyclopaadia Britannica, Inc.

Conceptual Black Body

7

100°

212

373

273.15

(r -273.15°

Celsius

-459.67°

&

Kelvin



Properties of blackbody radiation

e Radiation emitted by a blackbody is isotropic,
homogeneous and unpolarized

* Blackbody radiation at a given wavelength depends
only on the temperature

* Any two blackbodies at the same temperature emit
precisely the same radiation

* A blackbody emits more radiation than any other
type of an object at the same temperature.



Stefan-Boltzmann Law

The total blackbody emission radiance is proportional to the fourth power
of the temperature:

E=0cT*

P=ecA(T*-T})

© A

P = net radiated power e =emissivity (=1 for ideal radiator) N
Hifl
A = radiating area T =temperature of radiator \! ), ;% .
7
O = Stefan's constant T,. = temperature of surroundings S~ 7 ‘

«

o =5.6703x10" watt / m*K*




Human body radiation

The human body radiates energy as infrared light.
The net power radiated is the difference between
the power emitted and the power absorbed:

Pret = Pemit — Pabsorb -
Applying the Stefan—Boltzmann law,
Poey = Aoe (T* — T,

where A and T are the body surface area and
temperature, € is the emissivity, and T is the
ambient temperature.

The total surface area of an adult is about 2 m2, and the mid-
and far-infrared emissivity of skin and most clothing is near
unity, as it is for most nonmetallic surfaces. Skin temperature
is about 33 °C, but clothing reduces the surface temperature
to about 28 °C when the ambient temperature is 20 °C.
Hence, the net radiative heat loss is about

Pnet — ]_DD W

The total energy radiated in one day is about 8 MJ, or
2000 kcal (food calories).

Power Density (watts/m?)
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Wavelength (nm)



Planck’s Law

 Radiation depends on the temperature and wavelength
* Planck’s Law characterizes the intensity of monochromatic radiation emitted

by a black body.

Planck's law describes the spectral
density of electromagnetic
radiation emitted by a black body in
thermal equilibrium at a given
temperature T, when there is no net
flow of matter or energy between
the body and its environment.

Further watching:

https://www.youtube.com/watch?v=7BXvc9W97iU

2 pmT)

Spectral radiant exitance, M, (W m

Visible radiant energy band

Blackbody radiation curve
at incandescent lamp temparature

Blackbody radiation curve
at the earth’s temperature

10° f
5] \ .
10 6000° Blackbody radiation curve
'\ at the sun's temperature
107 <
40007 K
10%
3000°K
10"
10"
10° -
10? - 500° K
10" 4 3007 K \
/ 200°
i J rd
T T I T T T T
0.1 0.2 0.5 1 2 5 10 20
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Wavelength (um)



Emissivity

« Emission from natural surfaces generally differs from the emission of
the black body.

« Emissivity ( &€) characterizes the difference between the actual body
radiation (R) and radiation of the ideal black body (B)

R — e B Material Emissivity
A A A Polished silver 0.02
A
Blackbody (g = 1) Polished copper 0.03
Polished gold 0.03
. Selective Radiator (c varies Aluminum foil 0.07
<) depending on /) Wood 0.85
7]
c Asphalt pavement 0.9
\ Ambiant 1] .
4 Graybody (£ <1) White paint 0.9
[} L ]
,4 Reflected energy .. . Vegetation 0.24
Tn : L L
- ——3= Transmitted energy -»m ‘," “‘_ White paper 0.94
B i Sensor = :' s Water 0.95
Target WaVEIength {;ﬁ‘) Black pain‘t 0.98

For most natural surfaces in the infrared € , = 0.9 to 1.0,
“black body” presents a relatively good approximation



Solar and Earth Radiation

Both Sun and Earth emit radiation
e Solar temperature: 6000K,

Solar emitted radiation peaks at 0.6um (visible band)
 Earth temperature: ~300K,

Earth emitted radiation peaks at ~10 um (infrared band)

Earth Radiation Components

pm~")

Solar
Incident
Energy

exitance, M, (Wm—2
]

Spectral radiant

Reflected

10 20 S0 100
Energy’

Wawelength {um)




Brightness Temperature

Brightness temperature: Temperature of the blackbody which
emits the same amount of radiation as the given natural body.

Ly =¢&ly

n

Thus, passive microwave brightness
temperatures can be used to monitor
temperature as well as properties
related to emissivity

Microwave radiometer Brightness temperature are considered a fundamental
climate data record and are the values from which we derive ocean measurements of
wind speed, water vapor, cloud liquid water, rain rate, and sea surface temperature.



Radiation Interactions



Energy Interactions in the
Atmosphere-Land Surface System

Three mechanisms which modify the incoming solar radiation in
the Earth-Atmosphere system

Absorption: By atmospheric gases, ground surface

Scattering: On air molecules, aerosol particles, cloud droplets

Reflection: From ground surface, water




Absorption by Gases

Gases absorption depends on the wavelength (selective absorption)
Strongest absorption is in the infrared and ultraviolet bands.
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100 g _
80
= . - ;
37 ! . : Total Absorption |
@ 40 N and Scattering |
o . N
20 ' |
j i
0
o | v % Water Vapor
= - = —
g . Carbon Dioxide
O | — = =
o
g _ ) _,.; L A Methane
O = l A 4 Nitrous Oxide ”
'% \ N _ \ Oxygen & Ozone
g N | . ] S— A
r Rayleigh Scattering
uv | visible | Infared
0.2 1 10 60

Wavelength (um)

The most abundant and most significant greenhouse gas in the atmosphere is water
vapor (H,0). The second-most significant in carbon dioxide (CO,). Man-made
increases in carbon dioxide, methane (CH4), and nitrous oxide (N,O) are major
sources of global warming.

Most absorption caused by: H,0, CO,, O,,0;, NH,, NO,



Atmospheric “Windows”

Atmospheric “windows” are spectral bands where atmospheric absorption is small
and therefore atmosphere is mostly transparent.

Reflected/scattered Thermal/microwave emission of the Earth’s
solar radiation surface, clouds or atmosphere

A A
[ o |

Atmospheric absorption and transmittance

=

S

w

k2

% I n

= visible ave

T ‘I*T T - | | | |
O 3 u 1/um <li' 1 mm 1m
Wavelength

Atmosphere is mostly “transparent” at these Atmosphere is opaque at these
wavelengths. Spectral bands can be used for wavelengths due to gases absorption.
land surface observations. Bands are used for atmospheric

soundings



Atmospheric “Windows”

Most transparent atmospheric “windows™ are :
1) Visible-Near Infrared (0.40 -0.9 um);
2) Shortwave Infrared (1.55-1.75 uym, 2.05-2.4 uym)
3) Mid-IR (3.5 -4.16 um);
4) Thermal IR (8 - 9.2 ym and 10.2-12.4 ym);
9) Microwave (2.06-2.22 mm, 7.5-11.5 mm, 20+ mm).

Satellite observations in these bands are most often used for the
land surface and ocean monitoring

I N
visible a mfra d
I L g § 0 III |

Transmission

0.3 um 1 pm 10 p,m 100 pm 1 mm
1 23626503 Wavelength — 55 I5



Atmospheric
Scattering

Types of scattering
* Rayleigh scattering
* Mie scattering

e Geometric/Optic scattering

Rayleigh's Scattering Mie Scattering
r=0.1um

Optic Scattering
r=1ium :




Rayleigh Scattering

Defines the type of scattering when the size of particles
iIs much smaller than the wavelength.

' Rayleigh Scatteri
« QOccurs on air molecules ayleig ering

« Radiation scattered both in forward and
backward direction \

« Scattering strongly increases with
decreasing wavelength (proportional to
1/A%)

* Inthe “blue” band the scattering is 4-5

times stronger than in the “red” band

— Diraction of incident light

Pd
Ln

A #72%, Sunlight scatters off of the
«——W=——T molecules of air. Because
PR ) L
AR blue light is scattered more
than any other color in the
spectrum, the sky appears

blue to human eyes,
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Mie Scattering

Defines the type of scattering when the size of particles
iIs comparable to the wavelength.

Occurs on atmospheric aerosols

Forward scattering dominates _ |
Mie Scattering

Scattering slowly increases with
decreasing wavelength (~ 1/A) SR
Aerosols scatter 3-5% (clear

atmosphere) to 20% (very turbid
atmosphere) of the solar radiation



Geometric or Non-Selective Scattering

Defines the type of scattering when the particle size is
much larger than the wavelength.

Occurs on cloud/Rain droplets

Radiation is scattered equally in all directions

Scattering is independent of the wavelength. This causes whitish
color of sky under heavy haze conditions

@ CCRS / CCT



Scattering of light

° The scattering of light in the atmosphere depends on the size of
the scattering particles, R, and on the wavelength, A, of the
scattered light.

Geometric scattering: R>>)\

¢ Rain drops (R~10-100 um) A
¢ All wavelengths equally scattered [\N\N\/—* Q

¢ Optical effects: white clouds

R

Mie scattering: R~
¢ Aerosols (R~0.01-1 um)

A
¢ Red scattered better than blue /\/\/\/\/\/—" O IR

¢ Blue moon, blue sun

Rayleigh scattering: R« A
¢ Air molecules (R~0.0001-0.001 mm) —

¢ Blues scattered better than red /\/W\/\/—- o tR

¢ Blue sky, blue mountains, red sunsets



Sunrises and sunsets appear red because sunlight travels a longer path
through the atmosphere. This causes a high amount of scattering to remove
shorter wavelengths from the incoming beam radiation. The result is sunlight

consisting almost entirely of longer (e.g., red) wavelengths.



Surface Reflectance

100 —
CLOUD

80 -

60 -

VEGETATION
40 -

Reflectance, %

20 -

0 L) E L] L} L] L) L)
0.4 06 038 1 2 4 6
Wavelength, um

The smaller reflectance, the larger absorption
« Reflectance varies with wavelength and the surface cover type.
* |In thermal infrared reflectance of most natural surfaces is very small

« Different spectral reflectance allows for discriminating between surface
cover types in satellite imagery



Material

Fresh snow

Old snow

Thick cloud

Thin cloud

Water (sun near horizon)
Water (sun near zenith)
Asphalt

Light soil

Dark soil

Dry soil

Wet soil

Deciduous forest
Coniferous forest
Crops

Earth system

Reflectance varies within each surface type !

Typical Reflectance in the Visible Range

Percent Reflected

80-95
50-60
7080
20-30
50-80
3=5
=10
25-45
5-15
20-25
15-25
15-20
10-15
10-25
35



Cloud Effects on the Radiation

Visible: Clouds are mostly
opaque and scatter and
reflect most of incoming
solar radiation

Infrared: Clouds are mostly
opaque. They absorb Earth-
emitted radiation and emit
their own radiation
corresponding to the
temperature of their tops

Microwave: Clouds are
mostly transparent. They
transmit Earth-emitted
radiation leaving it
practically unchanged



Earth’s Heat Budget: Radiation Fluxes

30%

Scattered

to space
| 6% 17% 7% |

Reflected
by surface

Incoming solar
radiation
100%

47%

40%
Radiated
from H,0,
ozone, CO,

20%
Radiated
from clouds

10%
23%

Absorbed by air,
H,O, ozone,
clouds, dust

“Absorbed by |
ozone, clouds#CC
Jp— %

24%

Conduction

ocean and land

Latent heat

Longwave radiation




SUMMARY

Radiation observed from satellite is
determined by the source of radiation (Sun
or Earths or clouds)) as well as radiation
scattering, absorption, reflection and
emission in the Earth-atmosphere system

Observations of the Earth’s surface is
possible in atmospheric spectral “windows”
where absorption of radiation by
atmospheric gases is small.

Emission of thermal radiation by the Earth’s
surface is is determined by the surface
temperature and its emissivity. Most natural
surfaces are “gray” bodies with emissivity of
less than 1.

Reflectance of most natural surfaces changes
with the wavelengths. This provides the
physical basis for discriminating between
different surface types using multispectral
observations from satellites.



READING

 Remote Sensing Applications with Meteorological Satellites by W. Paul

Menzel,
* Chapters 2-3.

 Fundamentals of Remote Sensing. Canada Center for Remote Sensing

 Chapter 1.1

* Remote sensing Tutorial. Federation of American Scientists (FAS) .

. Introduction




