Environmental Science

From Space

Remote Sensing and the
Electromagnetic Spectrum

z USGS Note: All images from NASA unless otherwise-noted M



Remote Sensing

= learning about an object or phenomenon
without touching, usually using satellites or
airplanes
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http://www.nasa.gov/centers/langley/news/factsheets/RemoteSensing.html
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Videos

TerraAnimation (2)
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File Edit View Window Help

LandSat video: http://landsat.gsfc.nasa.gov/about/

Terra orbit animation:
http://earthobservatory.nasa.gov/Experiments/ICE/panama/panama mov2.php

Watch live broadcast of LandSat: http://earthnow.usgs.gov/




Landsat 7

Bandwidth (nm)

450-515 Blue
525-605 Green
630-690 Red
750-900 Near Infrared

1,550-1,750 Shortwave Infrared
10,400-12,500 Thermal Infrared
2,090-2,350 Shortwave Infrared
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Landsat 7:

Watsonville
3/4/2012




http://landsat.gsfc.nasa.gov/
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SPECTRAL SIGNATURES OF
EARTH FEATURES

Snow and Ice

Clouds
Broadleaf Vegetation

Needleleaf Vegetation

Dry Soil
Wet Soil

Turbid Water

Clear Water

600 nm 800 nm
Wavelength (nm)
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LandSat Spectral Signatures
BUILDINGS

Data Value
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Pixels & RGB Codes
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ACTIVITY:

Creating & Interpreting Remote
Sensing Images

(Derived from NASA’s Remote Sensing Math)



Key to Pixels




Key to Pixels

Black 0,0,0

W Blue 0,0,1
| White 1,1,1
L Brown 1,1,0

P Green 0,1,0










THE ELECT 2O AGNETIC SPECTRUM
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http://science.hg.nasa.gov/kids/imagers/ems/index.html




Reviewing Waves

(\) = distance from any point on a

wave to an identical point on the next wave

(f) = number of cycles or vibrations

per unit of time (1 Hz = 1/s)

(v) = distance/time

*

Speed of light (c) in vacuum = 3.8 x 108 m/s
(186,000 miles/second)



Problem #1: Visible Light

 Which color has the

/\/\/\/\ longest wavelength?

CRANGE

 Which color has the

" AVAVAVAVAVAN highest frequency?

JAVAYAYAVAYAVAVAYAV AU Which color has the
highest speed?

http://science.hg.nasa.gov/kids/imagers/ems/index.html




We can only see a small amount of the light
that surrounds us all the time.

THE ELECTROAGNETIC SPECTRUM
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Radio Waves

Radio TV Radio
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Radio Wave Region of the Electromagnetic Spectrum

Visible Light

name cf Radio waves

amma
wavel - M A
\/ \ \ '|"'II|0
B VU
(metersil 4 102 10 1012
length of ! ' @
gt football field nuclei

e Carry TV, AM & FM
radio, cell phone, &
other communication
signals

* Used by radio
telescopes to study
radiation emitted by
objects in space

Carbon Monoxide (CO)
gases in our Milky Way
galaxy




Problem #2: Radio

 What's the frequency of
your favorite radio
station?

e Calculate its
wavelength.

AM FM

Radio TV Radio
N'_\H
3ll<m 30I0rn Sdm 3;'n 30Icrn

Radio Wave Region of the Electromagnetic Spectrum



Visible Light

of Radio waves Microwaves mma
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Microwaves — .| | ..k
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vmdeng football field pin head virus atom nuclei

 Heat food by making
molecules rotate fast

 Used to detect &
measure distance to
objects, such as airplanes
& weather, with radar
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http://science.hg.nasa.gov/kids/imagers/ems/micro.html



Microwaves

MICROWAVE BACKGROUND

F 2
.'J— L
.
g ), b o\ v
. re - . ® S
- i g .
. 3 : 2 : ~ L i‘. QY.
> ‘a , - t ‘:i{‘. .
( r ¥ o .‘.‘?.'.l""“
N AL | Pl
.. -
c's @« ~ 2
& X '\_ A
Temperature Variation (microkelvins)
Credit: NASA/WMAP Science Team ’ m
-200 +200

a Background radiation in the universe gives
I | clues to the Big Bang

0 30 40 X
“NIECE £ CTT AR TN

missionscience.nasa.gov/ems/06 microwaves.html



4, Image of Phoenix

P (AZ) with near
Y infrared as red

Visible Light
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Heat — used to determine
temperature of objects

Uses

— Keeping food, spaces, animals
warm (heat lamps)

— TV remote signal

— Firefighting

— Rattlesnakes use to detect
warm-blooded animals

— Remote sensing

* Determine temperature of
land, water

* Map clouds, vegetation



FOREST FIRES
NORTHERN CALIFORNIA
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Infrared Imaging

 What object is in the
image below?

NASA/IPAC
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Visible Light

name of Radio waves Microwaves Infrared Ultra Viclet X1 ay G amma
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vmd'mg football field Il ba virus atom

Visible Light Region
of the Electromagnetic Spectrum ° Only Wavelengths we Can

see

e Sources: sun, light bulbs

e Uses

Infrared UltraViolet
— Human vision

— Photosynthesis of
plants

— Remote sensing: map
height of mountains,

trees, clouds, etc.




Laser Altimetry (LiDAR)

Swanton Pacific Ranch
Digital Terrain Model (DTM)

Tree Canopy Height (m)

Legend

Elevation (ft)
Hgh | 195303

- Low -4.12976
sl o B Where are the tallest trees?
Credit: NASA Earth Observatory/Image by Jesse Allen and
Outside Davenport, north of Santa Cruz Robert Simmon/Based on data from Michael Lefsky.
www.nps.edu/Faculty/Olsen/Student_theses/11Sep_Harmon.pdf http://www.nasa.gov/topics/earth/features/forest-height-

map.html



Problem #3: Technology

* Choose one of the
following devices
— Bluetooth (2400 MHz)
Teiar — GPS (1575.42 MHz)
o T — Wi-Fi (5 GHz)
* What wavelength is
this?
 What type of radiation
is this?

Wikipedia



Ultraviolet Light “_ & o,

OUR SUN IN UV

UV image of
Earth taken
from Moon

Visible Light
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e Causes sunburn

* Partially blocked by
ozone in atmosphere

e Astronomers use to
study stars

Bees can see UV!




Hubble Space Telescope

spiral galaxy
Messier_100

stars forming in the Eagle Nebula

Wikipedia




Image bones & teeth
for medicine

Astronomers use to

study very hot objects

such as stars, supernova

& black holes R




Visible Light

\ / \ / AVA \4/ VI\VAVA VW VL
GammaRays ~y 4 ew i i e
wrdcngm football field human pinhead  cell bateria virus atom puclei |
* Sources:
— Radioactive atoms
— Nuclear explosions
GAMMA RAY BURST — nghtnlng strikes
— Supernova explosions (death of
star)
— Black holes
HYDRUGEN'DN:’M.ARS \ .
| * Uses:

Gamma Ray

on mars
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v Eic

>64% .4

S 20 16% 32%

Detect spread of cancer
Kill cancer cells

Scan shipping containers for
security

Detect elements on other
planets



Mapping Vegetation

North America seasonal NDVI animation:

http://www.nasa.gov/topics/earth/features/obscure data.html

Normalized Difference Vegetation
Index
NDVI = (NIR — Red) / (NIR + Red)




Problem #4:

red rodr

red

infrareq  Visible infrareq  Visible

Normalized Difference Vegetation
Index

N QW) 7/ éL\Ur%&ﬁ@ﬂM(&%&ﬂed )

Experiments/ICE/panama/panama ex2.php

Mapping Vegetation

Calculate NDVI for the
healthy tree.

Calculate NDVI for the
stressed tree.



Vegetation Index Products

Chlorophyll Concentration (img/m’)

0.01 0.1 1 10 50

Vegetation Index

0 0.2 0.4 0.6 0.8

NASA Earth
Observatory
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http://landsat.gsfc.nasa.gov/




Activity:
Remote Sensing of Barro Colorado Island

Barro Colorado Island

~™_North
America

LR

South
America

NASA’s Rainforest at the Crossroads

http://earthobservatory.nasa.gov/Experiments/ICE/panama/




Visible Light Region
of the Electromagnetic Spectrum

Infrared UltraViolet



