
Introduction

Overview:

Welcome to the exciting world of the Automatic Picture Transmission (APT) user. This
Guide is intended to be a companion to your satellite APT receiving station. With it you
will learn to explore Earth’s environment from the broad perspective of space. Installation
and operation of your APT station are not topics here. Rather, our purpose is to explain
the science content of APT images and to demonstrate ways to extract the maximum benefit
in terms of developing needed science and math skills in the classroom.

We have chosen to focus on the polar orbiting series of satellites operated by the United
States Department of Commerce, National Oceanic and Atmospheric Administration
(NOAA) and the Soviet Union. The U.S. satellites are called the TIROS-N series and the
Soviets call their satellites the Meteor series. Both series broadcast satellite images via APT
links. APT images are inexpensive to capture and are of higher resolution than images
broadcast from geostationary weather satellites - satellites that remain stationary over a fixed
spot on the equator. Polar orbiting weather satellites broadcast pictures that can be
received with little more than an FM television antenna, an radio receiver and a computer.

New technology must play a vital role in devising new strategies and creative approaches to
learning science and math. It is equally important to stress the unknown and unfamiliar as
intellectual challenges rather than intimidating concepts to avoid. APT satellite technology
offers a marvelous opportunity fulfill both needs. However, it is essential first to instruct
educators about using satellite imagery and digital data as effective instructional tools. This
Guide is aimed specifically at that objective.

Learning Objectives:

Each unit in this Guide has a specific set of learning objectives. Units may also include
suggested activities, problems, and discussion topics. You will find a Summary Discussion
at the end of each unit that lists important ideas and concepts that were presented.

The first two Units present the fundamentals of remote sensing.

Unit 1 presents the fundamental concepts of image processing. After finishing Unit 1 you
will be able to identify the building blocks of a digital image and understand the mechanical
and statistical tools used for processing an image. You will be shown how to extract the
maximum information content from an image using statistical analysis techniques to
optimize image processing. Through Unit 1, you will see how APT satellite imagery can
help develop skill in handling large volumes of data through statistical analysis.

Unit 2 focuses on the physics of remote sensing. Using the laws of electromagnetic
radiation and radiative transfer, Unit 2 presents the scientific basis for what can be seen in
visible and infrared satellite images. After completing Unit 2, you will be able to identify
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objects in a image by their physical properties; reflectance and thermal emissivity. You will
also be able to explain the influence of the atmosphere on radiation reflected and emitted
from Earth. The information presented in Unit 2 will assist you in developing a learning
environment where students’ critical thinking and problem solving skills are challenged.

I Satellite Meteorology is the subject of Units 3 through 6. I

Unit 3 describes the physical properties of the atmosphere. The relationship between these
properties is used to explain how clouds are formed. After finishing Unit 3, you will
understand how the temperature and pressure of an air mass must change to cause clouds
to develop and dissipate. You will be able to locate regions of rising and sinking air on a
satellite image and to draw inferences about local and regional circulation patterns. The
material in Unit 3 will help develop skills in detecting change and in analysis of relational
databases.

The objectives of Unit 4 are to be able to recognize clouds in satellite images and explain
their implications as they relate to prevailing weather conditions. Cloud shape, content, and
height are used to explain the appearance of a variety of cloud types on visible and infrared
satellite images. Skills in pattern recognition and comparison are emphasized throughout
this unit.

Unit 5 examines upper level atmospheric air flow and its relationship to surface weather
conditions. The objectives of this unit are to be able to classify the upper level patterns on
a satellite image and then draw inferences about changing weather conditions at the surface.
This unit provides an opportunity to extend pattern recognition skills to interpreting
patterns, and inferring change.

Unit 6 presents the concepts of weather prediction. The objectives are to learn to identify
combinations or systems of patterns and to predict their change. After completing this unit
you will be able to locate weather fronts and various types of storm conditions in satellite
images. By understanding the scientific principles of storm development, you will be able
to predict changes.

IUnits 7 and 8 illustrate the application of satellite imagery to real-world prob1ems.l

The objectives of unit 7 and unit 8 are to show how remotely sensed satellite data can
provide solutions to actual real-world problems. Unit 7 describes the value of infrared
ocean images to maritime industries. The role of the ocean’s in Global Change is also
introduced. Satellite imagery as it applies to various agricultural activities is explained in
Unit 8.

Vocabulary:

This Guide presents many new words in remote sensing and earth science. Important words
whose meanings should be learned are printed in bold faced type. If you don’t recall the
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Unit 1.0 Remote Sensing Mechanics - Image Processing

1.1 What is a pixel?

Did you ever wonder how a satellite weather image is made? The energy reflected from
the earth is collected dot by dot, square by square, pixel by pixel in various shades of gray.
Each square in a satellite image is called a picture element, or pixel for short. An image
line consists of a row of pixels and an image is comprised of many lines. A pixel is the
smallest resolvable unit of an image, Each individual pixel of a NOAA APT image is just
under 4 kilometers on a side. Pixels from Soviet Meteor APT broadcasts are about 2
kilometers on a side.

Activity: Breaking the code!
Follow the code below to make your own picture. Leave the “tic” squares blank and fill in
the "tock" squares with a pencil.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 166 17 18 19) 20 21 22 23 24
1
2

i
6

:

line 1:
line 2:

line 3:

line 4:

line 5:

line 6:

line 7:

line 8:

Were you able
code to display

tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic
tic-tock-tic-tic-tic-tic-tock-tic-tic-tok-tic-tic-tic-
tack-tack-tic-tic
tic-tock-tock-tic-tic-tic-tock-tic-tock-tic-tic-tic-t~k-tic-t~k-tic-tic-t~k-tic-t~k-
tic-tic-tack-tic
tic-tock-tic-tock-tic-tic-tock-tic-tock-tic-tic-tic-tock-tic-tock-tock-tock-t~k-tic-
tack-tack-tack-tack-tic
tic-tock-tic-tic-t~k-tic-tock-tic-tock-tic-tic-tic-t~k-tic-t~k-tic-tic-t~k-tic-tock-
tic-tic-tack-tic
tic-tock-tic-tic-tic-tock-tock-tic-tock-tic-tic-tic-tock-tic-tock-tic-tic-tock-tic-tock-
tic-tic-tack-tic
tic-tock-tic-tic-tic-tic-tock-tic-tic-tok-tic-tock-
tic-tic-tack-tic
tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic-tic

to write “NOAA” by following the code? The computer follows a similar
a satellite image in the same way.
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1.2 The value of grey shades

Each pixel in an image has a brightness value which can be assigned a grey shade (or color).
In the previous example the “tics” were white and the "tocks" were black. Most printed text,
like the “NOAA” sign and page you are now reading, is produced in black and white.
Although satellite images can be interesting and artistic in black and white, the information
contained in a picture increases with increasing shades of grey (or color). Notice how the
information content of the image below increases as more shades of grey are used in the
printing process.

Image 1.1 Increasing the grey shades increases the information in an image display.

As they are transmitted from satellites, each APT pixel has a brightness value ranging from
1 to 256 which can be displayed using colors or grey shades ranging from black to white.
Each shade relates to the brightness, and thus the physical characteristics of objects within
the pixel area. A change in grey shade from one pixel to the next adjacent pixel means that
the brightness has changed, corresponding to a physical change in the scene. If more grey
shades are contained in an image display, more changes in physical conditions can be
detected.

1 2  3  4   5   6     7    8    9   10   11  12   13  14  15   16  17  18   19   20
Activity: Grey is Informative! 1
The graph paper shown here has 15 lines 2
and 20 columns. Using a pencil to create :
dark and light grey, draw a picture on the S
paper by filling in the pixels. An example :
might be a picture of white sky and light 8
grey grass with a black tree overlapping 9
both. Your picture should have three::
shades; black, grey, and white. Can you12
imagine your picture in black and white?13 I I I I I
Did the grey shade increase the information i I I I I I

content of the image? Discuss what I I I I I

information content would be lost without the three colors.

-

.-
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13 Intermediate Study: Understanding Histograms

Not all 256 brightness values may be present in an image. For example, there may not be
anything in a scene that has a very low brightness value that would be displayed using black
or charcoal grey shades. By knowing which brightness values an image contains and how
many pixels of each value, many physical characteristics of objects in an image can be
determined.

Histograms are statistical graphs of a picture showing the number of shades of grey used
to display the picture and the frequency of occurrence of each shade. Histograms are
usually displayed as bar graphs. Each grey shade in a picture is represented by a vertical
bar. The height of the bar shows the number of pixels of that shade.

__

The NOAA sign created in “What is a pixel?” contained 8 rows and
24 columns totalling 192 pixels. Each of the 192 pixels was either 120
black or white. Thus a histogram of the NOAA sign would have two
bars. If you count the black pixels you will find that there are 58. 6 0
How many are pixels white? A histogram of the NOAA sign looks
like the graph at the right. The height of the bar representing black
pixels is 58 units high. The height of the bar representing white \

pixels is 134 units high.

.

Black      Grey      White

111
Black White

Activity: Histogram Grey is Informative!
In the space provided at the left, sketch a histogram of the
picture you created in the “Grey is Information” Activity.
Notice that each grey shade corresponds to a different object
in your picture. (Hint: the picture had 15 x 20 = 300 pixels.)

How many bars would the histogram have?

Number of black pixels?

Number of grey pixels?

Number of white pixels?
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Image l.2 Histogram and Soviet Meteor image of the United States’ Gulf Coast.

Image 1.3. The same Meteor image stretched over a range of pixel values from 24 to 64.
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1.5 Summary Discussion
You have learned that pixels are the fundamental building blocks of a satellite image,
defining both the spatial resolution and the brightness (grey scale) of each picture element.
The information content of a picture is increased by increasing the number of grey shades.
Statistical representations of images in the form of histograms, are helpful in understanding
the content and the changes taking place in an image. Finally, image processing techniques
like contrast stretching can bring out information content of an image that might not
otherwise be apparent.

At this point you have begun to develop skills in handling large volumes of data through
statistical analyses. You should be able to apply concepts of computer processing to digital
data analysis. Further exploration of image processing techniques might include finding out
how resolution and scale affect detectability and recognizability of features in a scene.
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Unit 2: Remote Sensing - Electromagnetic Radiation

Remote sensing is the process of collecting information about material objects without
coming into physical contact with them. Your eyes are a good example of remote sensors.
They collect enormous amounts of information about the world around you without actually
making physical contact. Satellite instruments are a lot like eyes. Both rely on waves of
scattered and emitted electromagnetic radiation as their means for gathering information.
In this unit you will learn about the nature of electromagnetic radiation and how the
radiative properties of the earth and atmosphere are recorded in satellite imagery. The
principles of radiation-matter interactions are presented and the radiative properties of four
major classes of landscape features - water, clouds, vegetation, and soil - are summarized.
This unit serves as the cornerstone for all further exploration of remote sensing.

2.1 Waves are Patterns not Matter

Various types of waves and wave motion are described throughout this Guide. This unit
deals with electromagnetic waves which are detected by satellite remote sensing instruments
and form the basis for satellite images. The units on weather examine atmospheric waves
which can have wavelengths that span the entire country. Wave phenomena are also an
important component of ocean circulation, described in unit 7. Some fundamental
characteristics of all waves are presented here.

A wave is not a material object but a pattern. A wave can transport energy from one place
to another, but it does not have mass. Some wave patterns are easily visualized. Water
waves and waves on the strings of musical instruments are two common examples of wave
motion that we can see. Electromagnetic radiation is more difficult to visualize because it
consists of alternating electric and magnetic fields. Examples of radiation include radio and
television waves and visible light.

Activity: Visualize a Wave
Have your students form two long single lines facing each
other. Students in one line are asked to clap their hands at
a constant beat. Each student in the second line is given the
instruction, “Watch the person on your right and do what he
does one beat later.” Then go to the left end of the second
line and ask the first student to bend his knees and then
straighten up again. The effect will be a “bump” that travels
down the line from one end to the other. Yet, not one
student will have moved either to his left or right showing
that the wave is a pattern without mass.

0, (oooooDooDooDoDo
‘+

The most important wave phenomena are not individual “bumps” but repeated identical
waves. The parts of a repeating wave are defined and shown in the figure on the next page.
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I -Wavelength -1 Ridge - a region of upward displacement.
The maximum upward displacement is at the
peak of the wave.
Trough - a region of downward displacement.
Wavelength - the interval at which the wave
pattern repeats itself. Can be measured from
peak to peak or trough to trough.
Amplitude - size of the vertical displacement
produced by a wave.
Frequency - the number of waves passing a
given point per unit time.

Activity: Measure a Wave. Weather systems move in waves across the country. Weather
waves can often be visualized in the cloud patterns associated with them. A weather wave
has been drawn on the satellite AFT image shown below.

Place an R on the ridge and a T on the trough.
Each degree of latitude is about 100 kilometers long at the earth’s surface. Using this fact,
estimate the wavelength and the amplitude of the wave in kilometers. To convert to miles
multiply kilometers by 0.6.

Image 2.1 Illustration of an upper level wave over the Western United States.
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2.2 Electromagnetic Spectrum

All objects that are not at absolute zero temperature
emit electromagnetic radiation in the form of waves of
energy. Electromagnetic radiation occurs over a continuum
of wavelengths from very long radio waves to extremely short
gamma rays. The ordered arrangement of electromagnetic
radiation as a function of wavelength is called the
electromagnetic spectrum.

We are exposed to a variety of familiar forms of
electromagnetic waves in our daily lives. A radio station
emits very long radio waves which travel through space and
can be received by radio antennas. Microwaves are shorter,
from 10 millimeters to 1 meter, and are used for
communications. If you hold your hands over a fire or a
burner on the oven you are receiving infrared, or heat,
radiation. Your eye is sensitive to a small set of wavelengths
called the visible spectrum, wavelengths from .4 to .75
microns. A micron is one millionth of a meter long. At the
very shortest end of the spectrum are ultraviolet rays, X rays,
and gamma rays. These are measured in Angstroms or lo-”
meters. Astronomers look for energy at these tiny
wavelengths to learn about the stars.

2.3 Planck’s Law and the brightness of the Sun and Earth

All material objects radiate a continuous spectrum of
electromagnetic waves that is characteristic of its
temperature. Some portions of this spectrum are brighter
than others. Brightness refers to the radiated energy flux
entering a remote sensor’s field of view from an object.
Planck’s radiation law describes the brightness of objects over
the full spectrum of emitted wavelengths. Planck's law states

X-rays

1A

Gamma Rays

that the maximum brightness
of an object occurs at shorter and shorter wavelengths as the temperature of the object
increases. The relationship between the wavelength and the temperature of an object at its
maximum brightness can be expressed as;

100 km

l m

10 mm

.75 urn
.4 flrn

100 A

Electromagnetic
Spectrum

Radio

Microwave

Infrared

visible

Ultraviolet

wavelength(in microns) = 2832 / Temperature(in  degrees Kelvin) (eq. 2.1)

where Kelvin (K) is a unit of temperature scaled from absolute zero. Using this
relationship, it is easy to calculate that the maximum brightness of the sun which has a
temperature of 5900 degrees Kelvin (OK), occurs at a wavelength of .48 microns,
approximately the middle of the visible region of the electromagnetic spectrum. The
brightness maximum for the earth and ocean temperature (300°K) occurs at about 9.6
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microns, in the infrared portion of the spectrum.

To measure the temperature of objects on earth, remote sensing satellite instruments often
designed to collect electromagnetic radiation in infrared band covering wavelengths between
8 to 12 microns. Because the average temperature on earth is about 300°K the earth
emits the maximum radiation and has its maximum brightness at these wavelengths.
Therefore the signal energy received at the satellite will be the strongest in these bands
unless there is interference as the radiation travels from the earth to the satellite.

Example Problem: The Human Bodv Spectrum!
At what wavelength in the electromagnetic spectrum will a human body whose temperature
is 98.6 degrees Fahrenheit emit the most energy (i.e. be brightest)? Hint: The conversion
from the Fahrenheit scale to the Kelvin scale is

Kelvin = (Fahrenheit - 32) x .5555 + 273.16 (eq. 2.2)

Activity: Hot objects on earth are easilv sensed from satellites that collect energy from the
right wavelengths. Many remote sensing satellites including NOAA TIROS-N satellites
collect images over a wavelength band from 3.5 to 4.0 microns. Use the form of Planck's
law provided in equation 2.1 to calculate the temperature of objects that have their
maximum brightness in this band of the electromagnetic spectrum. Discuss what kinds of
scenes on earth would have this temperature. It may be helpful to convert Kelvin to
Fahrenheit using the following equation:

(K - 273.16) x (9/5) + 32 = F (eq. 2.3)

Forest fires, industrial exhaust, and natural gas waste flares have all been detected using the
3.7 micron band 3 channel of the AVHRR. Because the pixel resolution for APT satellite
images is 4 kilometers, these hot spots must either be very hot or very large in order to be
detected.

2.4 The Tiros-N AVHRR is a Radiometer

The camera on the United States TIROS-N satellites is called the Advance Very High
Resolution Radiometer (AVHRR). A radiometer is an instrument that measures radiation
brightness within a fixed band of wavelengths. The AVHRR collects images in five spectral
bands simultaneously. However APT broadcasts from NOAA satellites contain only two
spectral bands. The choice of which bands are broadcast to APT users is made by NOAA
and is posted on the NOAA electronic bulletin board. The bands broadcast at any given
time are also encoded within the signal being transmitted from the satellite. Usually, the
solar infrared band 2 and the thermal infrared band 4 are broadcast during the day, and
thermal infrared bands 3 and 4 are broadcast at night. The characteristics of the five bands
are shown in Table 2.1. Bands 1 and 2 of the AVHRR instrument collect the sun’s
electromagnetic energy as it is reflected off objects within its field of view. Bands 2, 3, and
4 collect thermal energy radiated from objects in the infrared portion of the spectrum.
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2

Wavelength (urn)Band

11 58 -0.68

Description Purpose

Visible - green to red Emphasizes cultural features,
such as metropolitan areas and
cultivated land.

.725 - 1.10 Near infrared Emphas izes  l and-wa te r
bounda r i e s .  Pene t r a t e s
atmospheric haze.

3.55 - 3.93 Infrared Cloud heights. Transparent to
water vapor.

10.30 - 11.30 Infrared Thermal mapping

11.50 - 12.50 Far infrared Thermal mapping. Water vapor
correction

1 Soviet Meteor Satellites broadcast 0.5 to 0.7 micron image at 2 kilometers resolution.
2 The AVHRR on NOAA-10 has only the first four bands.

Table 2.1. Each spectral band on the AVHRR has a special purpose. Bands 2, 3,
and 4 are broadcast on NOAA APT channels.

2.5 Reflectance is the Key to Meteor and Band 2 Images

Band 2 collects energy in the solar infrared portion of the electromagnetic spectrum,
adjacent to the visible spectrum. Although band 2 is not truly a visible band, the AVHRR
detects the reflection of sun’s light scattered off objects beneath rather than the amount of
radiation emitted from objects due to their temperature. Because the human eye also
detects reflected sunlight, band 2 is often referred to as a visible band even though
technically it is in the near infrared.

The major classes of features we can see in band 2 images include water, vegetation, soil,
and clouds. Weather systems, major water bodies, and soil/vegetation zones can be
distinguished because each of these features has a characteristic reflectance. Each reflects,
absorbs and transmits radiation in a different way. When we define the reflectance,
absorbance, and transmittance of a feature, we say that we have defined its spectral
signature.

Table 2.2 provides rule-of-thumb reflectance values for four broad classes of landscape
features. Low reflectance values mean that these features will appear dark in satellite
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images. Objects with high reflectance values are bright. Because the human eye responds
to light in much the same way as AVHRR band 1 and Soviet Meteor instruments,
reflectance properties of materials in this band are “intuitive”. Band 1 images are not
broadcast on the APT link. Until they are enhanced using the procedures learned in Unit
1, Meteor images often appear to have only two shades, light clouds and dark earth.

Band 2 is broadcast during the day from NOAA’s AVHRR instruments. Unenhanced band
2 images often appear to have three broad classes of objects. Clouds are very bright, land
masses and vegetation are darker, and bodies of water are very dark. Both band 1 and 2
images have the most contrast when the sun is high and the contrast will change with the
season.

Table 2.2 Reflectance values for four broad classes of landscape features.

Band Water Vegetation Soil Clouds

1 & Meteor i low (5%)--------_-----WV..- ---_-----__----__i low (l0-30%)-________________i low (l0-30%) i high ( >70%)_________________ __________________
2 i low (5%) i medium (50%) i medium (50%) i high ( >70%)

In general the reflectance of land surfaces increases with the extent of development. Forests
appear very dark and cultivated farmlands are somewhat brighter. Urban areas comprised
of concrete are lighter than the surrounding vegetation in band 1 images, but can be darker
in band 2 if the city is set in grasslands or other reflective vegetation.

The Soviet Meteor image shown in Image 2.2 was stretched from a low pixel value of 24 to
a high pixel value of 64. Assume, qualitatively, that the grey scale from 0 to 256 is
equivalent to reflectance from 0 to 100 percent. Then the maximum stretched value of 64
is roughly representative of 25 percent reflectance. Stretching the image over pixel values
from 24 to 64, displays the reflectance range from about 10 to 25 percent. Notice how
vegetation and soils features are enhanced.

Image 2.2 Stretched Meteor image of the Gulf Coast of the United States.
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This Band 2 image, captured from a NOAA 11 pass on April 26th, 1991 shows the
Northeastern United States on a clear spring day. Characteristic of very low reflectance, the
darkest objects in Image 2.3 are water bodies. Many large water bodies are evident
including the Atlantic Ocean, Lake Erie, Lake Champlain, and a bit of the Saint Lawrence
Seaway. Land areas are an intermediate shade of grey. Land areas that can be easily
identified include Long Island, Nova Scotia, and Cape Cod. The smaller islands of Martha’s
Vineyard and Nantucket are also visible. Highly reflective clouds over western New York,
Pennsylvania., and New Brunswick are the brightest components of Image 2.3.

-

Image 2.3 Visible (band 2) image of the Northeastern United States on a clear day.

Visible and solar infrared wavelength reflectance of some common materials found on the
earth’s surface are described in the following pages. These are provided to give an
indication of what values are found in some areas. When examining a specific location in
detail, “ground truth” measurements are important. Field trips are a good way of collecting
ground truth. Aerial photography and resource maps are other important tools. These
should be available from the District Department of Interior office in your region.
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Clouds, Snow, and Other Forms of Water:
Water in its various states has a dominant influence in all AFT images. In liquid form,
water reflects very little of the light incident on it and is consequently the darkest element
in any satellite image. Because cloud droplets scatter sunlight, they appear white in satellite
images. In general, snow reflects more light than ice does. The liquid water content of
snow and ice influences spectral reflectance - the greater the water content, the lower the
reflectance.

Snow, Ice, Water 1Band 1
Fresh dry snow 80 - 90%
Wet snow 65 - 75 %
Brash and pack ice 35 - 45 %
New ice 15 - 25 %
Ocean < 5 %
Lake water 3 - 10 %
Clouds 70 - 75 %

2Band 2
60-70%
50-60%
20 - 40 %

< 20 %
< 1 %
< 5 %

60-70%

Image 2.4 Meteor visible image showing reflectance characteristics of ice, snow and water.

The Soviet Meteor image shown above was captured in early April and shows light snow
cover blanketing the northeastern United States and Canada. Lake Nipigon, north of Lake
Superior, and the James Bay are ice-covered and overlain with a dusting of new snow. The
Great Lakes are not frozen and therefore appear very dark. A layer of thin cirrus clouds
covers the region from Lake Erie to the Saint Lawrence Seaway.
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A common snow pattern seen in
satellite imagery is a dendritic pattern.
Dendri t ic  means a tree-like or
branching pattern. The pattern is
caused by mountain valleys, rivers, and
tree lines which contrast sharply with
snow covered areas.

This Meteor image from 21 January,
1991 shows dendritic snow patterns in
the western Canadian Rockies. Snow
also covers the Coast Mountains of
British Columbia. The flat plains of the
Snake River are also apparent. The
discerning eye can also spot the tops of
numerous mountains in the Cascades
including Mt. Rainier, Mt. Hood and
Mt. Saint Helens.

Soils:
The spectral reflectance of soil is
controlled for the most part by moisture
content. Fine clay holds water and is
thus less reflective than sand or well
drained silt. Better-drained soils are

Image 2.5 Meteor image showing the dendritic
pattern of snow.

more reflective. Particle size distribution also effects reflectance to some extent. Notice
that the finer the particle size, the more reflective the sand.

Band 1 & Meteor Band 2
Dark soil 5 - 15 % 10 - 15 %
Gray soil 15 - 35 % 10-- 15 %

Dry sand 25 - 50 %
Coarse sand 60 - 65 %
Medium sand 70 %
Fine sand 75 %

Wet sand 15 - 30 %
Concrete 15 - 40%

60-80%
60-70%

75 %
80%

50 - 55 %

This Soviet Meteor image shows the bright fine
Image 2.6 Meteor image showing the

sands of Cape Hatteras and the sandy coastline
reflectance of sand and soils

of the Carolinas. Also apparent, are forested
areas in the Great Smoky Mountains and cultivated flatlands along the Atlantic Coast.

2-9



Vegetation:
Examples of spectral reflectance values for various vegetation types are shown below.
Vegetation is less reflective in band 1 than in band 2. The range of vegetative reflectance
values from species to species is broader in band 2, ranging from 18 to 80 percent.

Species Band 1 & Meteor Band 2
Fir 5 % 18%
Pine 10 % 30%
Birch 15-25% 50 - 70%
Grasslands 20 - 30 % 60-80%

-

-

-

As suggested by the data in the table, coniferous forests are generally less reflective than
deciduous forests, due primarily to the density of water versus air in the leaf structure. In
band 2, healthy deciduous vegetation reflects more light than concrete. Thus urban areas
should appear darker than the surrounding grasslands. Urban areas surrounded by conifers
will appear brighter than their surroundings.

Image 2.7 of Florida illustrates
the importance of water content
on the reflectance of areas
beneath. The Everglades
ecosystem depends on fresh
w a t e r  f l o w  f r o m  L a k e
Okeechobee across south Florida
into the Gulf of Mexico. The
pathway for the water flow,
called the Shark River Slough, is
readily apparent in this image
because it is wetter, and thus
darker, than the surrounding
higher ground.

Vegetative spectral reflectance in
band 2 is directly correlated with
water content in the leaf
structure. Monocots and young
leaves are generally compact and
have a high water content.
Dicots and older leaves have less
water and more air in their
structure.

Image 2.7 TIROS-N band 2 image showing the
reflectance of everglades vegetation.

The change in reflectance from band 1 to band 2 suggests that the ratios of reflectance
measured in one band to another might be a very good indication of species.
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2.6 Temperature is the Key to Bands 3 and 4

-

--

-

-

-

.-

-

Band 3 and 4 infrared images show temperatures and temperature differences of the
landscape beneath. Cold objects appear bright and warm objects are dark.

Image 2.8 is a thermal infrared image from NOAA 10. The darkest areas of the image are
the warmest and the lightest areas are the coldest. The coldest objects in the image are
clouds. The circular cloud pattern centered over Missouri and Illinois is a low pressure
system. Low pressure systems are correlated with stormy weather which is fed by the mixing
of warm and cold air masses. A warm tongue of air from the Gulf of Mexico is feeding the
frontal system followed by colder air over Kansas and Oklahoma which is entering the
system from the west. The Gulf Stream current is a warm water current in the Atlantic
Ocean. It is visible in this image located about 100 kilometers off the coast of Virginia.
You can estimate distances on images that have latitude and longitude markings by
remembering that one degree latitude is about 100 kilometers.

Image 2.8. In thermal infrared images, warm features are black and cold objects are white.
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Infrared remote sensing depends on detecting the radiation emitted from objects in a scene
rather than on radiation from reflected sunlight. Thermal energy emitted from the earth
and ocean is a maximum in the wavelength intervals between 10 and 11 microns. Brightness
values measured in band 4 are almost linearly dependent on temperature, and thus grey-
shade steps in an image are uniform temperature steps as well. The relationship between
brightness and temperature is not quite linear for band 3. APT images are broadcast with
calibration data for converting measured brightness values to temperatures.

The band 4 infrared image below shows two large hurricanes named Herman and Iselle.
They are fed by the warm water of the Pacific Ocean beneath them. The wind speed near
the center of Herman measured 150 knots. Winds near the center of Iselle measured 100
knots. You can use the latitude and longitude lines to estimate the diameter of the eye of
each hurricane. The smaller very cold cloud masses over the Gulf of California and
southeastern Arizona are thunderstorms. The desert areas of southern California and the
Baja Peninsula appear very warm. Tropical storms are covered more extensively in Unit 6 -
Weather Systems.

Image 2.9 TIROS-N infrared image of twin hurricanes off the West Coast of Mexico.
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2.7 Intermediate Study: Black Body Radiation

A black body is an object that emits an amount of radiation equal to the amount it absorbs.
Only black bodies are perfect emitters of radiation; most real objects are not. Most objects
radiate somewhat less energy than if there were perfectly black. The parameter relating
the observed brightness of an object to an ideal black body emitter is termed emissivity.
Emissivity (e) is defined as the ratio of the observed brightness (Bob__Jto the ideal energy
flux (B,,,,,). The actual temperature of an object is

(es 2.4)

Because remote sensing instruments like the AVHRR measure the brightness temperatures
of objects in a scene, the emissivity of the object is required in order to derive the actual
temperature.

Surface emissivities of some common materials are shown in the Table 2.3. Calculations
of actual temperature and brightness temperature have been entered in the Table for the
extreme cases of asphalt and water. You should complete the table as an exercise.. Note that
actual temperatures are warmer than measured temperatures. Brightness temperatures of
dark rocks can be in error by as much as 10°K. However for water, the difference between
the temperature measured by the satellite and the actual temperature is within 1°K.
Therefore satellite derived ocean temperatures should be quite accurate without correcting
for emissivity of water.

The importance of emissivity to accurate measurement of surface temperature can be noted
by observing that a one percent change of emissivity produces a change in surface
temperature of slightly under 1° Kelvin. Therefore, in order to measure the temperature
of an object on earth to within lo, emissivity must be known to within one percent.

Table 2.3 Emissivity and Brightness Temperature of Selected Materials.
1

T- if T- is 300° T- if T,, is 300°
Material e eY4 Kelvin Kelvin.

Rock: Asphalt 0.86 0.963 311.5° Kelvin 288.9° K

Granite 0.90 0.974 308.0° K

Basalt 0.92 0.979

Concrete 0.97

Soil: Dry sand 0.91  0.977

Wet sand 0.94  0.985 304.6° K

Water:Ice 0.95  0.987 303.9° K

Fresh/Salt 0.99  0 . 9 9 7 300.9° K 299.1° K
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Activity: Infrared Photography
Infrared film is available for 35 mm cameras at most professional camera shops. Try taking
pictures from high places of grassy parks, asphalt playgrounds, water bodies and other
landscapes. Have the film developed and make comparisons with AFT imagery. Try this
day and night. What changes? What remains the same?

2.8 The Atmosphere’s Content

The earth’s atmosphere is a mixture of

a
a
a

gases which are relatively constant in concentration, called permanent gases,
gases which vary in concentration, and
solid and liquid particles.

About 99 percent (%) of our atmosphere is comprised of permanent gases, which include
nitrogen (78 %) and oxygen (21 %). These gases are nearly transparent to radiation over
the broad visible and infrared wavelength bands monitored by weather satellite instruments.
Therefore they are not readily detected in APT satellite images. Gaseous molecules do
scatter some sunlight, particularly at shorter (blue and ultraviolet) wavelengths.

Variable gases cause changes in weather and climate as their concentrations change. The
most dynamic variable gas is water vapor which may occupy as much as four percent of the
volume of humid air but be nearly absent in arid areas. The Atmosphere’s water vapor
content can change rapidly causing dramatic changes in weather conditions. Other variable
gases are carbon dioxide and ozone. All three variable gases play a role in global change
because they absorb electromagnetic radiation. As the amount of variable gases increases,
more radiation can be absorbed, resulting in warmer temperatures on Earth.

Radiation emitted or reflected from the earth’s surface interacts with the atmosphere’s
variable gases in two ways: by absorption and scattering. Both effects change the amount
of electromagnetic radiation that is received at the satellite sensor from what is reflected
or emitted at the earth’s surface. Because of the presence of variable gases, satellite
brightness measurements are different from what is actually reflected or emitted from the
earth’s surface.

Ozone and water vapor absorb electromagnetic radiation in the infrared portion of the
spectrum. The effect of these variable gases on infrared remote sensing’ is that satellite
measured temperatures are colder than the actual temperature at the earth’s surface. The
magnitude of this effect can range from 2° to 10° K and varies from day to day and from
place to place depending on the atmosphere’s water vapor content. Fortunately, absorption
minima are found at 3.5, and 12 microns, Bands 3 and 5 of the AVHRR instrument. The
absorption caused by water vapor is less in Band 3 than in Band 4.

The AVHRR instrument scans Earth from side-to-side as it orbits the earth. At the center
of the scan, the satellite is looking straight down. This is called a nadir view because it is
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84 percent of the light reflected from the surface in band 2 will reach the satellite. Since
the sunlight being reflected has to travel two ways through the atmosphere (down and back),
the probability of two way transmission is Ta2 or 0.71.

Example Problem 1:
Using a typical hazy day optical thickness of .7 for band 2, calculate the two way
transmittance of the atmosphere on hazy days.

Example Problem 2:
A typical cirrus cloud is about 1 kilometer thick and 75 percent of all cirrus clouds are less
than 2 km thick. The total two way propagation path for near infrared light through cirrus  
clouds can be calculated from the following model equation:

T,’ = exp[-.28 L2] (eq. 2.6)

where L is the thickness of the cirrus layer in kilometers. What is the
probability for a 1 kilometer thick cirrus cloud?

two way transmission

2.10 Summary Discussion

The materials presented in Unit 2 are fundamental to remote sensing and are a prerequisite
to comprehending the information content of any remotely sensed scene. The objective of
this unit was to build an understanding of electromagnetic radiation and the relationship
between electromagnetic energy flux and remote sensing signatures. The concepts of waves
and wave motion have been presented as have been the nature of electromagnetic radiation
and radiative transfer. You should be able to define the parts of a wave and relate these
parts to the electromagnetic spectrum.

You have learned that waves of electromagnetic energy are reflected and emitted from all
objects in different quantities depending on the object’s material content and physical
characteristics. You should be able describe the relationship between and object’s
reflectance, its temperature, and its brightness as recorded in satellite imagery. By knowing
how the reflectance and temperature of material objects influence the appearance of
satellite images, you should be able to recognize major features in an image and be able to
interpret and compare visible and infrared images.

The influence of scattering and absorption by gases in the atmosphere on the quality of
satellite images of Earth has been examined. This advanced topic of radiative transfer
through the atmosphere can be explored in much greater depth than presented here,
particularly as it relates to global change and warming.

This Unit should challenge the resourcefulness and academic capacities of its readers.
Opportunities for problem solving in physics, geography, geometry, algebra, and statistics are
abundant.
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