Environmental Science from Space: 

Remote Sensing and the Electromagnetic Spectrum
Activity: Creating and Interpreting Remote Sensing Images - KEY
Adapted from: http://spacemath.gsfc.nasa.gov
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	Satellites and other remote sensing sources receive and record information as a number for each pixel (location) in a specific band with a particular wavelength.  For example, Landsat has 7 different bands covering infrared and visible light, so the image at left shows Monterey Bay (California) using thermal infrared radiation (band 6).  Each sensor uses a filter so it only records data in its specific wavelengths.  We then combine the data to create a black-and-white image for 1 sensor or a color image for 3 sensors.


Suppose that an astronomer has obtained the first crude image of a planet orbiting another star. The satellite observatory was able to image the surface of this planet within a 8x9-pixel (rows X columns) portion of a larger image of the star and its surroundings. Images were obtained in three different color filters Red (630-690 nm), Green (525-606 nm), and Blue (450-515 nm), so that surface markings could be classified as water, land, snow, plants/trees, and dark sky.  If there is light of that color, the sensor reports a number (we’ll only use 0 for no light and 1 for light).  The pixel data sequences for the three images are shown below (underlined pixels done as examples): 

Red = 
{0,0,0,0,1,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,0,1,0,0,0,

0,0,0,1,1,1,0,0,0, 

          
 0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,
0,0,0,1,1,1,0,0,0,

0,0,0,0,1,0,0,0,0} 

 Green= 
{0,0,0,0,1,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,0,0,0,1,0,0,0,

0,0,0,1,1,1,0,0,0, 

          
 0,0,1,1,1,1,0,0,0,
0,0,1,1,0,0,0,0,0,
0,0,0,1,1,1,0,0,0,

0,0,0,0,1,0,0,0,0} 

Blue= 
{0,0,0,0,1,0,0,0,0,
0,0,0,1,1,1,0,0,0,
0,0,1,1,1,0,1,0,0,

0,1,1,0,0,0,1,1,0, 

 0,1,0,0,0,0,1,1,0,

0,1,0,0,1,1,1,0,0,
0,0,0,1,1,1,0,0,0,

0,0,0,0,1,0,0,0,0} 

Key

	Feature
	Symbol
	Color
	RGB Code

	Sky
	S
	Black
	0,0,0

	Water
	W
	Blue
	0,0,1

	Ice
	I
	White
	1,1,1

	Land
	L
	Brown
	1,1,0

	Plants
	P
	Green
	0,1,0


1. Write the red, blue, and green values for each pixel in the data table on the next page, assuming that the images were read-out from the top left pixel to the lower right pixel in the sequence. 

2. By comparing the colors for each pixel (R,G,B), determine which feature the pixel indicates. Fill in the corresponding pixels on the symbol & color grid with the symbols S, W, I, L and P. If there are no matches, place a question mark in that pixel. 

3. Color over the symbol & color grid using the corresponding color for each symbol in each pixel using the key above.

4. At the bottom of the next page, draw and color an image of the planet as it might actually appear using the information from the table & grid as a clue.  Describe the planet with words.  Is it a planet you recognize?

Activity: Creating and Interpreting Remote Sensing Images

Adapted from: http://spacemath.gsfc.nasa.gov
Data Table

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	0,0,0
	0,0,0
	0,0,0
	0,0,0
	1,1,1
	0,0,0
	0,0,0
	0,0,0
	0,0,0

	2
	0,0,0
	0,0,0
	0,0,0
	1,1,1
	1,1,1
	1,1,1
	0,0,0
	0,0,0
	0,0,0

	3
	0,0,0
	0,0,0
	0,0,1
	0,0,1
	0,0,1
	1,1,0
	0,0,1
	0,0,0
	0,0,0

	4
	0,0,0
	0,0,1
	0,0,1
	1,1,0
	1,1,0
	1,1,0
	0,0,1
	0,0,1
	0,0,0

	1
	0,0,0
	0,0,1
	0,1,0
	0,1,0
	0,1,0
	0,1,0
	0,0,1
	0,0,1
	0,0,0

	6
	0,0,0
	0,0,0
	0,1,0
	0,1,0
	0,0,1
	0,0,1
	0,0,1
	0,0,0
	0,0,0

	7
	0,0,0
	0,0,0
	0,0,0
	1,1,1
	1,1,1
	1,1,1
	0,0,0
	0,0,0
	0,0,0

	8
	0,0,0
	0,0,0
	0,0,0
	0,0,0
	1,1,1
	0,0,0
	0,0,0
	0,0,0
	0,0,0


Symbol & Color Grid
	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	S
	S
	S
	S
	I
	S
	S
	S
	S

	2
	S
	S
	S
	I
	I
	I
	S
	S
	S

	3
	S
	S
	W
	W
	W
	L
	W
	S
	S

	4
	S
	W
	W
	L
	L
	L
	W
	W
	S

	5
	S
	W
	P
	P
	P
	P
	W
	W
	S

	6
	S
	S
	P
	P
	W
	W
	W
	S
	S

	7
	S
	S
	S
	I
	I
	I
	S
	S
	S

	8
	S
	S
	S
	S
	I
	S
	S
	S
	S


	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Sketch & description of the planet
Very similar to Earth – a round planet surrounded by dark space with ice caps at the poles and land with plants in the Southern hemisphere and land without plants in the northern hemisphere surrounded by water
Suggestion: Go through key on 1st page and row 5 or 6 that have a few different features with the whole class so they understand how to do this.  
Notes: Environmental Science from Space: 

Remote Sensing and the Electromagnetic Spectrum - KEY
Remote Sensing = learning about an object or phenomenon without touching, usually using satellites or airplanes (or in their own words)
List at least 3 uses for remote sensing. [use videos]
· Detecting change in land use
· Detecting damage by natural disasters, such as flooding, forest fires, or hurricanes

· Predicting weather

· Find valuable minerals

· Monitor deforestation

· Map ocean floor depth & habitats
· Map altitude of mountains

· Predict coral bleaching
· Track movements & status of soldiers, tanks, ships, missiles, and other military units

Reviewing Waves

· __wavelength______ (λ) = distance from any point on a wave to an identical point on the next wave 

· __frequency________ (f) = number of cycles or vibrations per unit of time (1 Hz = 1/s) 

· __speed___________ (v) = distance/time 
· __speed____________ = __wavelength___________ * __frequency_______________
· Speed of light = 3.8 x 108 m/s (186,000 miles/second) 
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Problem #1: Visible Light

· Which color has the longest wavelength?  Red
· Which color has the highest frequency? Violet
· Which color has the highest speed? All the same!
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Problem #2: Radio

· What’s the frequency of your favorite radio station?  Calculate its wavelength.

96.9 MHz = 96.9 x 106 Hz = 96.9 x 106 1/s

Wavelength = c/f = 3.8 x 108 m/s / 96.9 x 106 1/s = 3.92 m
	Radiation Type
	Uses

	Radio
	· Carry TV, AM & FM radio, cell phone signals (+ Wi-Fi)
· Radio telescopes study radiation emitted from objects in outer space such as planets, comets, giant clouds of gas & dust, stars, galaxies, & black holes

	Microwaves
	· Heat food by making molecules rotate fast

· (Transmit Bluetooth, GPS)

· Used to detect & measure distance to objects, such as airplanes & weather, with radar 

	Infrared
	· Keeping food, spaces, animals warm (heat lamp)
· Transmit TV remote signal

· Detect heat & temperature (Firefighting, temperature of land & water, map clouds & vegetation)

· Rattlesnakes use to detect warm-blooded animals

	Visible light
	· Sources: sun, light bulbs

· Only wavelengths we can see
· Photosynthesis of plants

· Map altitude of mountains, trees, clouds (LiDAR)

	Ultraviolet
	· Causes sunburn

· Partially blocked by ozone in atmosphere

· Astronomers use to study stars 

	X-rays
	· Image bones & teeth for medicine

· Astronomers use to study very hot objects such as stars, supernova & black holes 

	Gamma Rays
	· Sources: Radioactive atoms, Nuclear explosions, Lightning strikes, Supernova explosions (death of star), Black holes

· Uses: Detect spread of cancer, Kill cancer cells, Scan shipping containers for security, Detect elements on other planets


Problem #3: Technology

· Choose and circle one of the following devices: 


Bluetooth (2400 MHz)       GPS (1171.42 MHz)       Wi-Fi (1 GHz) 
· Use the frequency to calculate the wavelength.
· What type of radiation is this? 

MHz = 106 Hz, GHz = 109 Hz, kHz=103 Hz
Nanometer (nm) = 10-9 m, micrometer (um) = 10-6 m
Bluetooth: Wavelength = c/f = 3.8 x 108 m/s / 2400 x 106 = 0.118 m → microwave
GPS: Wavelength = c/f = 3.8 x 108 m/s / 1171.42 x 106 = 0.241 m → microwave
Wi-Fi: Wavelength = c/f = 3.8 x 108 m/s / 1 x 109=0.076 m → radio
Problem #4: Mapping Vegetation
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Healthy                    Stressed
	Normalized Difference Vegetation Index
NDVI = (NIR – Red) / (NIR + Red)
· Calculate NDVI for the healthy tree.
NDVI = (10%-8%)/(10%+8%) = 0.72
· Calculate NDVI for the stressed tree. 
NDVI = (40%-30%)/(40%+30%) = 0.14



Environmental Science from Space: 

Remote Sensing and the Electromagnetic Spectrum
Activity: Remote Sensing of Barro Colorado Island

Today we’re going to experiment with some of the different bands available for remote sensing of Earth, with a focus on Barro Colorado Island in the Panama Canal.  We’ll be using a Landsat 7 image from March 2000 available at: http://earthobservatory.nasa.gov/Experiments/ICE/panama

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

1. Use the electromagnetic spectrum to write down the radiation type (or color if visible light) for the 4 bands in the table below.

2. Which combination shows “true color” (the actual ways the bands appear to your eye)?



R = band 3                G = band 2                    B = band 1
3. Which combination shows vegetation the best?



R = band 4                G = band 4                     B = band 2
4. Which bands should we use to calculate the Normalized Difference Vegetation Index (NDVI) on LandSat?



NDVI = (NIR-Red)/(NIR+Red) = (band _4_ - band _3_)/(band _4_ + band _3_)

5. Open the website above in Internet Explorer.  Click on “Exercise 1” on the right side.  At the bottom, experiment with using the different bands (channels) above to build the “Landsat: March 2000” image.  Use the sliders under each of the red, green, and blue thumbnails to adjust the brightness values for that band.  Fill in which features are brightest and darkest in bands 1-4 in the table below.

	Band #
	Bandwidth
	Radiation Type
	Brightest Features
	Darkest Features

	1
	410-111 nm
	Blue
	Water
	

	2
	121-601 nm
	Green
	
	

	3
	630-690 nm
	Red
	
	

	4
	710-900 nm
	Near infrared
	Vegetation
	


6. What kind of “spectral signature” would you expect the Panama rainforest to reflect back to the satellite? Would it have a high NDVI value or a low NDVI value compared to agricultural fields?  Buildings? Explain why you think so.

A rainforest has a lot of green leafy vegetation, and vegetation absorbs almost all wavelengths of visible light while reflecting infrared radiation. Therefore a rainforest would reflect very little visible light back to the satellite and a lot of infrared. This combination of low visible light and high infrared would produce an NDVI value near the top of the NDVI scale, much greater than that of agricultural fields and buildings.
7. Click on Exercise 2 on the right side of the page.  Use the Image Composite Editor to produce your own NDVI measure for the 2000 LandSat image. Using the pop-down menus, select Landsat channel 4 as the first channel and channel 3 as the second channel.   Create NDVI Index by entering the formula in question 4 into the editor and clicking “Compute”.  The result will be black and white with highest NDVI values white, but you can add colors by selecting “Pick a color table” below the image.  
8. Where in the image is NDVI highest?  Does that make sense to you?  Why or why not?

NDVI is highest near rivers.  This makes sense because vegetation should be densest near water.
