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Introduction

Environmental changes arenajor concern for researcheed policy makersoday since these changes have
both human and ecological impa¢Bodge andCongalton 2013)Locating and studying these changes has, until recently,
been a challenge; requiring a significant amount of effort, time, and money. Remote sensing has made this process r
more efficient and cost effective by utilizing imagery colecfrom aircraft and satellites to monitor and study both
natural and humaimducedchanges. Imagery collected by aircrafis been extensively useand still is today but
remotely sensed satellite imagery is becoming very paop8ktellites carollectimagesfrequentlyand systematically
which means it gabe used to monitor short term or long term charifesige and Congalton 2013urthermorewe
can view information about features on the ground that we may not otherwise have been able to ldag Htl@doin
person.T o d asgnd@<ancapture multiple discrete wavelengths of light outside of the visible range our eyes can see i
allowing us to observe phenomena that we may otherwise have not been able to see with our eyes alone

For these reasons and more, public and private groups are beginning to understand the potential of this techno
in a number of fields and thus geospatial sciemcebecoming one of the most rapidly growing fieldl&ndengerger et
al., 2011) In order b utilize all this informationthe observer nesdo understand how to interpret what he or she is
seeing on the imagery since featungdhin the imagery may not always look the way we see them in real life. Tlig ab
to interpret different ground features comes with a bit of training, but once leaamete utilized in a number of
applications.

This documentprovides background and practice with remotely sensed satellite imdtgeryoroken up ito
three par. The first sectiomovers the basics of remote segsiwhat remote sensing is, what is being sensed, and how
satellites workThe second section is a guided practice where readers will be shown various satellite images of comir
features withcorresponding background informatitsmhelp them understand the imagéeFpe final section is a setést
using the skills and information acquiréichroughout all three sectionthe reader will be asked questions related to the
material that they justead in oder to test their understandiag well assncouragehem to apply their own experiences
and knowledge

For additional information abowatellite remote sensingxampleapplications, and case studies, please refer to
Meeting Environmental Chalhges with Remote Sensing ImagénPDF version of the book can be downloaded at the
link provided below.

Suggested Publication:

Dodge, Rebecca L., and Russell G. Congalton. 20&8ting Environmental Challges with Remote Sensing Imagery
American Geosciences Institytdexandia, VA. 82p.Download at:
http:/www.americangeosciences.org/sites/default/files/RemoteSensing.pdf
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What |S remOte SenS|ng? / Important Vocabulary! \

Remote Sending Learning somethini

Remote sensings learning something about an object without touching\ite can | _ " object without touching it

use remote sensing to gather information about a number of things and we |
different tools to help us. For exame@] many people are concerned about th Sensoradevice thatdetects or

] . measures a physical property and
environment and how humans are changiftgbecause these changes can ha] records, indicates, or otherwise
negative impacts like polluted water or a decrease in the amount of wildlife becq responds toit.
their habitats have been cut down or remove&tudying thee changes is importan| g giate to give off energyrom a
but it would take a long time for you or me to go outside and find them all. Th\s’ricific source ex. The sun /
where remote sensing can help. We can attach sensors to airplanes or satellites
take imagesof the earth from above so we can study the enwmimental changes thabaveoccurredover a large area
rather quickly.

Attachingsensorgto airplanes has been done for many years, but airplanes can only fly when
the weather is good andan alsobe expensive. Satellites orbiting the earth in space can
O2ylAydz2dzate O2fftSOG AYIFI3IASEa 2F GKS 9HNIKQA
orbits around the earth from ndih to south, the Earth is rotatinffom east to west. This
allows the satelliteto take an image of a new area on the Earth with each rotation around
the planet.Eventuallythe entire planet will be covered and the silite will start again. This
processwill continue for weeks, monthgr even years! Over time we can collect hundreds
AYF3Sa 2F GKS 9 NIKQ&a &adz2NFIF OS FTNBY RATFT
single day or we can compare images frdifferent dates to see what has changed, chu
like you will do in these exerciseBut before you can start you need some practice because "
satellite imagery has some special propertibat you should understand so you know how
to use it effectively.
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Whatis Being Sensed?

This may seem like an obvious statement, but we can only see an object because tidighis energy thatadiates
from a sourcefor example a light bulb or the sumhis energy is calleddectromagnetic energy and it isore important
than you may realize. For example, when you watch TV, listehe radio, or send a text n&sage, you are using
electromagnetic energy

We do nottend to think about light a something that moves, but it
travels from one place to anotheit justmoves so fast we cannseethis
motion with our eyes.Electromagnetic energy is made up of charged
particles and when they move, they molike a wavewith high points ; ,
called crests and low points called troughs. We can desthibse waves l |
using twoimportant properties frequency and wavelength 1 Second

High Frequency A

Low Frequency

[ 1
l '

Imagine for a second that you can see light as it moved.Wtnid see
each individual crest and trough as it passed by. If you had a stop watc



Wavelength

Crest

Trough

important properties of electromaggtic energy because it allows ts decide what

type of energy it is.

Not all electromagnetic engy is the same.

and counted the number of times a cresg/ Important Vocabulary! \

passed by you in a secgngou would be
calculating the frequencyFrequency is

the number of crests that pass by a give
point in one secondthe more crests per
second, the higher the frequency of thg
wave. Wavelength is the distance from
the top of one crest to the top of thaext

crest. Wavelength and frequency arg

It can moweth different frequencies

FrequencyThe number of crests tha
pass by a given point in one second

Wavelength The distance between
the top of one crest and the top of th
next

Electromagnetic SpectrunThe range
of wavelengths and frequencies that
electromagnetic energy exists within

Visible Light, The range of the
electromagnetic spectrum that
contains wavelentts our eyes can se

and have differentwavelengths. Scientists use the waargjth and frequency of the energy group themlike shown in
the diagram below. This diagram represents thelectromagnetic spectrum or the range of wavelengths and
frequencies over which electromagnetnergyextends.The objects under the wavelengths the diagram belovgive

us an idea of how lonthe distance between crestwould be if we couldsee them. Thespectrumranges fromthe
longest wavelengths (radio waves) to the shortest (gamayg). We can use the wavelength to decide what group the
energy should fall intoFor example,fia particle ofenergyhas awavelength of 10 meters, it would be classified as
infrared light. Now there are manyypes of electromagnetic energy that we can use for remote sensugfor the

satellite remote sensing will be doing, wewill focuson the visible and infrared light
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b. Do you recognize any of these types of electromagnetic energy? How might they be used in
your daily life?
c. What is the relationship between frequency and wavelength?
We know radio waves exist because we can listen to our
e | [ | imred | gy o] v o] av favgrlte musicthrough our radios, but we do nddee
y radio wavesWhen we turn on a lamp, howevewre can
0% 107 10%e=for 106 I0elJo? 1 0 10 see the light that comes out of the bulbespite this
- = =« . . Wavelength (meters) . i
Jawn? Visible Light TR difference, these areboth types of electromagnetic
S - 3 energp. a2 @2dz Y@ 068 lFaliAy3a ¢
Fff GKA& Sy SNERIQNRPIFR K ¢
o T only see the light or electromagnetic energy from a very
Wavelength (nanometers) small portion of the electromagnetic spectrum known as

Source: http://science.hg.nasa.gov/kitmagers/ems/

visible light (see the figure to the left)Everything else
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/ important Vosabulary! \ falls outside of that rangeso we do notsee them but they do exisind arearound
us every day.Visible light ha wavelengths that rage between 400-700

Refraction- Change in the direction a nanometers (1 nanometer .000000001meters). Our brain interprets the
wavelength of light is moving after . . . . .
passing through an object different kinds ofwavelengths withirthis range as different colorgor exampleif

electromagnetic energywith a wavelength of 700 nanometers entered a

Reflect to move in one direction, hit a . .
completely dark room, we would see it as red lighthe energyhad awavelength

surface, and then quickly move in a

different direction of 400nanometerswe would see it as violet.

Primary colorg a set of colors that, whe | ¢ What color would the light be if the wavelength w480 nanoméers?
combined in different amounts, can . . : .

produce all other colors. What would happen if the wavelength of the light coming into the dark room was

300 nanometers?

We see sunlight as one uniform colarhite, but it is actually made up of various wavelengths of endngiuding all
the wavelengths within the visiblenge We can prove this to ourselves if we look at light through a prism

ORANGE

As light enters theprism, the different
wavelengths of light arbent (this is known
as refraction) by differing amounts
depending upon the wavelengtihis splits
up the light into the individual wavelength:
that make it up.As the light leaves the
prism, our brains interpret each wavelengtt
as a particular colorWe see rainbows after
a rainstorm because the water in theky

acts like tiny prisms, splitting the light
shiningthrough it. Source: http://science.hg.nasa.gov/kids/imagers/ems/
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So the colors we see around us are a result of the diffekémis of electromagnetic energy (light) within the visible

range that isreflecting2 ¥ 2 F G KS 2 0 2 86aflooksy@éhBo us eealisk yedseel thihtbwithin the

green portion of the visible range reflecting off the surface of the leaf. So what about the rest of the visible light? Wh

do we only see the greelight reflected off the leaind notany other color® To understand,we need tolearn how
electromagnetienergy (light) interacts with an object.

When any light, or electromagnetic energy, travels through space and
strikes an object, it interacts with th@bject. The energy can be either
absorbed by the bject or reflected off the surface of the objecte

will stick with the leaf as an example of thi¥ouwill also see that
visible light is represented by blue (B), green (G), and(Rdight
instead of all the colorsTheseare the primary colorsor wavelengths

in the spectrum. No othewavelengthcan makeblue, green,or red,

but all the other colors can be created by combining these three in different proportioinared light (IR) is also shown

in the diagram, but we will discuss that later.

Remember that light from the sun is made up of many different wavelengths, including the visible light and infrared. |
passes through our atmosphere and strikes the leaves of the tigesblue light and the red light are absorbed by the
leaves becauseaves contain chlorophyll thabsorbsmost of thered andblue light for photosynthesis, which is how a
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plant producesfood. The plant doesot need the green lighsoit is not absorbed; instead the green lightrisflected

back When welook at an objet; we see the energy being reflected off the object towards our e8awxe green light is

the only visible light being reflected, the leaves appear greentbds. 6 SQ@S I £t NBIF Reé f SI Ny SR
just visible light out there. There are walengths that are invisible to our eyes but are still being absorbed or reflected
off of objects. In the diagrarof the tree, you can see that it i%ot just green light that is reflected from the leaf, but
infrared light was well. We just do neee theinfrared light with our eyes. The most useful of the invisible energy to us
is in the infrared region of the spectrum, however. As we will see, there is a lot we can learn just by looking at how muc
infrared energy is being reflected by an object.

e. What cdor would an object be if it reflected all visible light?
f.  What color would an object béit reflected no visible ligit

If everything on Earth interacted the same way with electrometric energyryéviag would be the same color;
thankfully this does not happerevery surface interacts with electromagnetic energy differently. Different surfaces will
absorb and/or reflect energy weakly or strongly in different wavelengths. We can udentiidedgeto our advantage.

If we measure ie amount of energy reflected off a surface at different wavelengths, we can use that information to
figure out what it isWe @n create a graph called a spectrafflectancecurve (below)that lets us see the amount of
reflected energy across a rangevedivelengthdor a particular object or surface

Lets say thegreen line on thegraph to the right is the spectral Can See Can't See
reflectance curve for the tree we just looked #s pointed out \ )
before, there is almost no reflectance in the blue and red i /
wavelengths beaase that energy is absorbed for photosynthesis,
but there is peak in the green which is why leaves look greer °f
you gobeyondthe visible lightinto the infrared you will see that
the amount of reflected energy suddenly spikesA structure
within the leaf known as the mesophyll is very effective at
reflecting Infrared energy so healthy vegetation exhibits a very,_
high peak in infrared reflectance on the graphwe could see that AL 7i00 .

energy, then vegetation would look very bright to us, but because s o & % " .
we donot see IR wavelengths we only see the green light. Wavelength (nanometers)

Healthy Vegetation

Unhealthy Vegetation

Reflectance

Grass or ow vegetation Different types of objects or surfaces tend to have
High sare Ground characteristicspectral reflectance curve that we can
use to distinguish onebjectfrom another or to assess
the condition of something on the groundike in the

Deciduous Trees exampleto the left, we can see that in the visible light,
Coniferous traes vegetation is very dferent from bare ground or
concrete. Deciduous and coniferous treagsould look
Asphalt very, similar, however because there is noa big
,&/j{/J

Concrete

Reflectance

difference inthe amount of reflected energy in the
visible wavelengthswhen objects look similar in the
! ! ! ! ! ! I visible range, the energy in the invisible portions of the
400 500 600 700 800 900 1000 .

spectrum can come in handyo our eyes there would
be almost no difference betweendeciduous and

Low

v

B G R+ IR

Wavelength (nanometers)



coniferous trees but in the infraredthere isa big differenceA very common use of remote sensing is to assess the
health of vegetation. We cadetect damage to trees before we can see it visibly with our elyesk at the spectral
reflectance curves aboverftealthy and unhealthy vegetatiolVhen plants are stressed, for example during a drought
or infestation, they exhibit a significant drap the amount of infrared reflectance well before there is enough of a
change in visible light for us to visually ¢be damage. We can use remote sensing to detect this stress early by looking
for the sudakn drop in infrared reflectance and acting as soon as we see it.

How Do Satellites Work?

Satellites are a very importartbol we can use to help us understand th ’“—.‘ AT 7 | /’fi;-
environment. There are currently satellites orbiting the earth with sens H. / / [ E ,/' G
that, like our eyes, catseet the energy beingeflected by different objectsn é‘; B | / E
GKS oF NIKQA & dzNF hoD&texatty iReaolr eyeSyiaugh |\ [/ | / .

.. . 14 Iy ==
because hey can detect thevavelengths beyond visibligght that our eyes \\ / l J ] &
cannot see! C!,j/ gf = @ /

9f SOUNRYIAYySGAO SySNEH& FTNRY G(KS a secnsrcer K NE
atmosphere (B) where it interacts with thabjects2 Y 1 KS  9akceNTl) K QSourceiaiahéJEenter for Remote Sensing

As we now know, some of that energy is absorbed, but someisfitso reflected. The sens()on the satellite flying
overhead colle and measures the type and amount of electromagnetic rggereflected by the surfaceThe
information collected by the sensor needs to transmitted to a processing statioBarthwhere it is turned into a digital
image (E). We can then extract information from the satellite image that we are interestéé).iWe apply this
information to answer a quesin, solve a problem, or simply learn something more about a feature of interest (G). So

tSiQa dr1sS I €221 a4 F RAIAGEE AY

A digital image is grid of equakizedsquares called pixels. Each pixel

covers a certain area on the ground and has a digitatber (DN) that

represents the amount of electromagnetic energy being reflected in
DNvalues  that area. A higher DN means there is more energy being reflected by
0KS FSFH{ddz2NBa gA0GKAY GKS | NBI 020!
pixels have a DN of O (noflectance) while white pixels have a DN of
255 maximumreflectance).Satellites record the amount of reflected
energy in different portions of the electromagnetic spectruach
portion is called aspectralband or band, for short For example, the
information shown in the tablebelow represents the types of
electromagnetic energy measured by the Landsat 8 sateltitecords
the energy reflected in the visible lights (B,aBd R as wellas 3 types
of infrared So when measuring the amount of bluehtidpeing reflected, the sensomothe satellite ismeasuringthe
reflected energy between 450510 nanometers.

. . . . Bands Wavelength Color
That band is then turned into an image like shoy (nanometers)
to the right of the tableA digitalimage is generated| _8and1 430-450 CoastalBlue
Band2 450-510 Blue
for each spectral band the sensor coteec® for Band3 530-590 Green
this satellite we have 7 digital imageeach one Band4 640- 670 Red
representing the amount of reflected energy in thg—22nd> £50-880 Near Infrared
. . Band6 1570- 1650 Shortwave Infrared 1
portion of the electromagnetic spectrumWVe can [ gandz 2110-2290 | Shortwave Infrared2




then use a computer to view these images together in color.

LiQ&a A Y mn#hiab thay nibtaliipXels havéhe same sizg¢spatial resolution)they can vary fronsensorto sensor

For example, Landsat & very popular collection o&tellites. Landsat images have a 30m pixel size. This does not mean
that the pixel is 30m on your computer screen, but that a single pefesentsa 30 meter by 30neter area on the
ground. Pretendthat you went outside andnarked a 30 meter by 30 meter squara the ground. One Landsat pixel
represents the same aredhe DN in that pixel represents the averaged reflectavfcall the objectdn that 30mx30m
box.Other satellites can colle@nageswith a pixel size of 1fheters 5 metersandeven less than 1 nter. You could fit

a lotof those pixels in one Landsat pixel.

g. What is the area covered by a single Landsat pikedhother satellite image has 5 meter
pixels, how many of those would fit in a single Landsat pixel? What might be an advantage
of havingsmaller pixels?

Satellites can measure the amount of electromagnetic energy being reflected in the visible range (B, G, and R) as wel
outside of what our eyes can seks we just learnedhie infrared range is very useful for scientists because it efng

a lot about an objectln the spectral curve exampldeciduous and conifer trees would look very similar in the visible
range of the spectrum, but we could tell them apart if we could see inrtfrared portion of the spectrumWe cannot

see the infrared energy that could help us, but this is where satellite imagery and computers can hé&lpegsitellites
measure the amount of energy reflectedthe visible and invisible portiorsf the spectrum and the computer gives us

a way to see the energye couldnot see before.

The twoimagesbelow are actuallacquired by a single satellit€he imagey is being displayed two different way©n

the left is what we call a natural color composite, meaning that this is how our eyes would see this area if we wer
looking at it from abw@e. Everything makes sense to us. For example, we know that the iggegetationand the sand

on the beaches iwhite. Theright hand image is called a false color composite. It looks nothing likendge on the left

and the colors dmot make much sense to us anymol&'hy ishat?

The computer monitors we use are known as RGB anenRGB is the same R,G,B we Hasen talking about; red,
blue, and green. Yowill also remember that red, blue, and green are primary colors and when combined together in
different amounts, can produce all the other colors we s8e.a computer monitor uses the three primary colors to
produce all the different colors we see on the screldaing special software, we can assign one of the primary colors to

7



a particular band that was collected by the sensbne computer then displays each pixel in the image as a particular
color based orthe amount of reflected energy that recorded at that pixel in the bands that were chosen.

h. What is the maximum number of bands we can choose to display on the computer monitor?
Why?

So now leés look at a natural color composite more detail To create this composite, we assigned the color blue to the
blue band, green to the green band, and red to the red bafmlwill see the primary color we assigned each band
matches the type ofnergythat was recorded by that bandnd the bands chosen arall the visible portion of the
spectrum.

Blue Band

Green Band

Red Band

This displayghowsthe imagery exactly as we would see it if we were looking at the Earth from above with ouléges.
know that in the visible portion of the spectrum, vegetation has very little blue and ridelctance and rach more
green. Lets say a single pixel recorded the amount of reflected enmeripge middle of a forestThe DN values of that
pixel in the blue and red band would be very Jdwit higher in the green band¥hen the computer looks at the
proportion of red, blue, and green reflectan¢epresented by the DN valuea) that pixel, there isreally onlygreen
reflectance (the other DN values are very lownd since we assigd the green band the color gea, vegetation
appears on the screen ggeenexactly as we would expect it.

i. While trying to make a naturatolor composite to show yolsomeoneassigned the color
blue to the green band, red to the blue band, and green to the red barkd I 1 Q& & NR y 3 K
What color would the vegetation be on tltmmputer scree@ Why?How should the bands
really be displayed?

Satellites record the amount of energy in multiple different bands, not tlustvisible Therefore,we can make a false
color composite, which allows us to utilize the infrared energy thatkwew is very useful. Howo we make a false
color composite?ell, we would do exactly what we did for the natural color composite with a few modifications.

Green Band
Red Band

Near Infrared
Band




In the diagram above yowill see that we removed the blue band and added in the near infrasg@tlbNow the green

band has been assigned the color blue, the red band is assigned green, and the near infrared band is assigned the col
red. The computer was told to display the amountna&farinfrared(a type of infraredlenergy teing reflectedas oneof

the primarycolorswe can see, in this case rd@lemember in the spectra¢flectancecurves above that vegetation

reflects a lot obf this kind of energy, much more so than the green that our eyes see. Because the infrared reflectance
is so high, we see the vetgtion as redn the imageA false color compositis a very common way to display satellite
imageryon a computer and as yarontinue with this exercise, yowill learn how being able to see the amount of

infrared reflectance can be very helpftlext youwill see how different features on thegund appear in satellite

imagery

ST2NB , 2dz a2@S hyXo

Now that you have the backguod information you need, you are reaftyr some hands on practicdhe next
two sections wilbresentyou with several example images and ask questions to test your knowledtjeraterstanding
2T NBY20GS aSyaiydaod ¢KS FA Nshalguided @actic® Yau wil beyprodided witl oSN,
example images of commolandscapes in New Hampshire (forests, mountains, cities, etc.) and some additional
background information that will help you to interpret the image and answer some questionieddtawhat you just
altg YR NBIR® Ly (KA&a aSOlAzy e2dz gAff 06S 3IAGSYy (KS
will be givenmages and questions for you to answer on your own without additional guiddineelast sectiofis a way
to test your understanding of everything you have read in this exerBismember to think outside of the box, beyond
what you have read here. When interpreting satellite images, it is very common for us to utilize knowledge and
experiences we alraly have to help us answer gquestions, it is what makes us good problem solvers.

Good Luck!



Image Interpretation

Forest: Sanbornton Mountain located étween Franklin and New Hampton, west of LaconiH

Deciduous Trees

Coniferous trees

Reflectance

L L L] T T 1
400 500 600 100 800 900 1000

B G R*—IR—D

Wavelength (nanometers)

Here we have an example of a forested aea Landsat 8 imagéd his forest is a mix of deciduous trees and coaifer
trees. On the natural color composit@eft) it is difficult to see the difference between different tones of greént if

you look at thesamearea on a false color compositéght) & 2 dzQ faf moee SHades of redhis allows us to see the
difference betwen the deciduous and conifeus areas.The spectral reflectance curves for deciduous and camifer
trees are showrabove You willnotice that the deciduous trees reflect monafiared energy than the conifer§o if we

are looking at a false color comptesthat lets us see infrared reflectance, the deciduous forests should look much
brighter.

Answer:

a) Area A is a patch of decidus forest and area B is conifers forest We can tell this becausdeciduous trees
have more infrared reflectancthan conifer treesand area A is much brighter than area Bhe false color
composite image was more helpful.

b) Deciduous trees have leavesile coniferous trees have needles

c) The best time to tell area A fromrea B would be during the fall or winter because deciduous trees would not
have any leaves but the coniferous trees would still have needles.
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Water: Great Bayurrounded by Newington, Newmarket, Durham, Dover, and Elliot, NH

Here we have an example of wat@&he spectral reflectance curve folean
water is to the left.You will notice thatlearwater has very low reflectance
in the visible portion of the spectrum and almost none in the infrared.
Water is an excellent absorbeof energy andwill absorba lot of the
electromagnetic energy thatits it. Because it absorbs a lot of energy, it
reflects very little and wilhppears very darkdark Blue to blackin both the
natural and false color compositelsowever, if there is ot of sediment in
the water from erosion omrlgae the reflectance characteristics efater,
especially in the visible nge, will change significantlyhe water itself will
absorb most of the energy that hits but the materialsfloating in the
water or at the bottom (if the water is shallow enough) will reflect some
energy. The materials in the waterreateshigher reflectance thamve would expectf the water was clean or deep and
lets us assess water quality in rivers, lakes or bays.

Answer:

a) In bothimages you can see the difference between deep water and shallow water. The vegetation and sedimer
in the shallow edges of the bay cause greater reflectance in the visible portion of the speStnom.the water
is nd deep, the sensor can detect the leftance from these materials.

b) The water is smooth, glassy, uniforamdflat,
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