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Using Remote Sensing Data to Evaluate Water Resources in North Carolina 

Overview 
This lesson uses Landsat imagery to introduce students to remote sensing as a tool that is used by water 
resource managers to understand land use and hydrologic changes. Students will investigate the water 
budget for Falls Lake, NC from 2007-2009 by analyzing satellite imagery and hydrologic data from the 
US Army Corp of Engineers and will learn about the interrelationship between hydrologic and human 
systems.  

Alignment to NC Essential Standards for Science 

8th Grade Science 
8.E.1 Understand the hydrosphere and the impact of humans on local systems and the effects of the 
hydrosphere on humans.  
 
Earth and Environmental Science 
EEn.1.1.3 Explain how the sun produces energy which is transferred to the earth by radiation. 
EEn.2.3 Explain the structure and processes within the hydrosphere. 
EEn.2.4 Evaluate how humans use water. 
 
High School Technology 
HS.TT.1.1 Use appropriate technology tools and other resources to access information 
HS.TT.2.1 Use appropriate technology tools and other resources to organize information 

Alignment to Next Generation Science Standards (NGSS) 
Scientific  and Engineering Practices 
Developing and using models, Analyzing and interpreting data, Using mathematics and computational 
thinking, Constructing explanations, Obtaining, evaluating, and communicating information  

Crosscutting Concepts 
Cause and effect: Mechanism and explanation, Scale, proportion, and quantity, Systems and system 
models, Energy and matter: Flows, cycles, and conservation, Stability and change 
 
Disciplinary Core Ideas 
Earth and Space Sciences 
-   ESS2: Earth’s systems 
-   ESS3: Earth and human activity 
Engineering, Technology, and Applications of Science 
-   ETS2: Links among engineering, technology, science, and society 

Learning objectives 

• Students will describe the difference between aerial photographs and satellite images. 
• Students will analyze hydrologic data. 
• Students will use remote sensing images to analyze hydrologic changes in Falls Lake, NC. 
• Students will describe the water budget for Falls Lake, a source of municipal drinking water. 
• Students will describe the interrelationship between hydrologic and human systems. 
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Time required  
For the full lesson, 3-4 hours 
 
Materials needed 

• Landsat Compositor: How Satellite images are different from Photographs (See Resources) 
• Landsat Imagery of Falls Lake (2007-2009), laminated (1 set for each student pair)  
• Falls Lake Data Sheet, one copy per student 
• Worksheet 1: Remote Sensing , one copy per student 
• Worksheet 2: Using the Data, one copy per student 
• Student Instructions for using the USGS LandsatLook Viewer, one copy per student 
• Computer with Internet  

Procedure 

Engage 
1. Show students a photo of Falls Lake and show the location of this lake on a map of North 

Carolina.  Tell students that Falls Lake is the main source of water for customers on Raleigh's 
water system and for this reason an important water resource for the region. 

2. Introduce students to the concept of water resource management and tell them that there are 
people whose job it is to plan, develop, distribute and manage the optimum use of water resources 
(Wikipedia). These individuals have to be knowledgeable about a lake’s water budget to manage 
this resource wisely. 

3. Ask students what they think is meant by the phrase “water budget” and then on the whiteboard 
draw simple cross-section of a lake and ask them to list aloud the inflows and outflows they can 
think of, using arrows to denote the direction of water movement (a complete water budget 
diagram is included below for teacher reference). Do not reveal the answers; the intent of the 
exercise in the Explore section below will be to help them discover the inputs and outputs on 
their own. Note: Students could also be asked to do this individually on paper, thus serving as a 
pre-assessment. 
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4. Ask students how satellite images might be useful to water resource managers? How might 

satellite images enhance our knowledge Falls Lake and its water budget?  
 
Explore 

4. Ask the students to read How Satellite images are different from Photographs and supplement 
information with their own research.  Ask them to complete worksheet 1 either individually or 
with a partner. Alternatively, this step could also be completed as homework. (Note: some 
teachers omit the electromagnetic spectrum portion if they are not teaching it).  
 

5. Provide each pair of students with the Falls Lake Data Sheet and ask them to answer the questions 
on the first page of worksheet 2. 
 

6. Once the students have answered the questions, provide each pair of students with laminated, color 
satellite image of Falls Lake for the years 2007, 2008 and 2009.  Ask them to complete the second 
page of worksheet 2. 
 

Explain 
7. As a class, ask students to summarize their observations from the exploration either orally or in 

writing and then use the following questions to prompt a class discussion: 
• What purposes does Falls Lake serve? (Answers include flood control, drinking water and 

recreation). 
• In December 2007, when the lake had the least amount of water, they still released some 

from the dam into the Neuse River.  Why would they do that? (Answers include, for the 
health of the river ecosystem, because towns downstream use that water for drinking). 

• What types of information do the lake managers need to have to make decisions about 
managing the water? (Answers include how much water is in the lake, predictions of the 
next storm or drought, how much water Raleigh needs, how much water the fish need, how 
much water downstream towns need, how much water released will flood downstream). 

 
Elaborate 

8. Using the Student Instructions for using the USGS LandsatLook Viewer zoom in to Falls Lake.  
Following the instructions, find the image of Falls Lake from March 1981.  Ask students to 
observe this image and then compare to the next image from June 1981 and then July 1983.  Ask 
them to reflect on what has changed?  Why? Hint: the dam was completed in 1981. 

9. What additional data would be useful for predicting and preparing for future inflows and outflows 
of Falls Lake? 
 

Evaluate 
10. Ask students to draw a water budget diagram for Falls Lake using the data - what are the inflows 

and outflows for this lake?  (This can be compared to student pre-assessment). 
11. Then, as a journaling activity or writing assignment, ask students to describe the interrelationship 

between hydrologic and human systems by considering how people impact the water budget of a 
lake such as Falls Lake and how these impacts might shift depending on seasons, drought 
conditions, and growth in population.   

 
Extension  

• Using the Student Instructions for using the USGS LandsatLook Viewer, ask students to examine 
another North Carolina Lake over time, such as Kerr Scott or Jordan Lake and reflect on changes 



 

 
© The University of North Carolina at Chapel Hill 

observed and identify connections to the water budget. Data for these lakes can be found at 
http://epec.saw.usace.army.mil/ 

• In order to look at the data associated with satellite images and manipulate it, you can download 
software and tutorials here http://www.esa.int/SPECIALS/Eduspace_EN/SEMHA60P0WF_0.html 
Due to time constraints, this activity is recommended primarily for students who are interested in 
conducting a special or advanced project in remote sensing. 

 
Resources  
Landsat Compositor: How Satellite images are different from Photographs  
http://compositor.gsfc.nasa.gov/pdfs/Landsat_7_Compositor.pdf 
 
Landsat: A Global Land-Imaging Mission  
http://pubs.usgs.gov/fs/2012/3072/fs2012-3072.pdf 
  
USGS LandsatLook Viewer  
http://landsatlook.usgs.gov/  
 
About Landsat  
http://landsat.gsfc.nasa.gov/ 
 
SEOS offers interactive tutorials for remote sensing. 
http://lms.seos-project.eu/learning_modules 
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Worksheet 1: Remote Sensing 

Student Name _____________________________________________________________ 

Use the handout How Satellite images are different from photographs to answer the following questions.   

1. What is a true color image? 

 

 

2. What is a false color image? 

 

 

3. What is the electromagnetic spectrum? 
 

 

4. How many spectral bands does the Landsat 7 Satellite collect? 

 

 

5. Do different objects on earth reflect different wavelengths of light?  What wavelengths can humans see? 

 

 

6. Why do we call color satellite images false color images? 
 
 
 
 

7. Based on what you just read, describe the difference between a photograph and a satellite image. 

 

8. What is remote sensing?   
 

 

  



 

 
© The University of North Carolina at Chapel Hill 

Worksheet 2: Using the Data 

Student name: ____________________________________________ 

Use the Falls Lake, NC Data Sheet, to answer the following questions. 

1. The Corps of Engineers uses a 251.5 feet surface elevation as their target level for Falls Lake. If 
the elevation is above 251.5, the lake is being used to store extra water to prevent flooding 
downstream.  If it drops below that number, water release (outflow and water supply) must be 
managed. Use the average surface elevation data to graph the average surface elevation for each 
month from February, 2007 to February, 2009. 
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2. Look at the column on the Falls Lake, NC data sheet that says inflow. The Corps of Engineers has 

to estimate the inflow because they cannot get exact measurements.  Look at the lake water budget 
diagram.  1). List all of the ways water can flow into the lake.  2). which ones do you think are 
difficult to measure?  Why? 

 

 

 

 

 

3. Outflow is the amount of water the Corps of Engineers releases from the dam into the Neuse 
River. Why would they release water into the river during a drought?   

 

 

 

 

 

 

4. Now look at the surface elevation data, the precipitation data and the inflow and outflow data.   
Tell a story of what happened to the lake between May of 2007 and April of 2008.   
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Using the satellite images of Falls Lake for 2007, 2008 and 2009, each taken in the month of February, 
answer the following questions.  

 

1. Compare and contrast the images. What differences do you observe?  

 

 

 

 

2. Are the images consistent with the data presented on the Falls Lake data sheet? ___________ 
Why or why not? 

 

 

 

 

 

3. Would it have been easier to understand the table data if you had seen the images first? _________ 
Why or why not? 

 

 

 

 

4. What information could you collect using remote sensing images such as these? How might these 
data be useful? 
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Student Instructions for using the USGS LandsatLook Viewer 

http://landsatlook.usgs.gov/ 
 
Instructions for generating land cover images from 1972 to present. 

1. Zoom into map to select region of interest. 
2. Once you have narrowed in on your area of interest, select the box on the left that says “Search the 

Landsat Archives.” 
3. Under “Sensors” select Landsat 8, Landsat 7 (2003-present) and Landsat 1-5 MSS 
4. Select “show images” 
5. Images vary in quality from year to year.  Slide the Active Image bar to find images that show you the 

best views. 
6. Explore the tools in the upper right hand corner of the map for labels, making measurements, and 

choosing a base map. 
7. Hit the house icon in the upper right to reset the map.  

Note: USGS is always improving this site.  It may change from time to time.  The site also contains 
instructions on how to use the map viewer.  

 

     

  

 
 
  

http://landsatlook.usgs.gov/
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Worksheet 1: Remote Sensing 

TEACHER ANSWER SHEET 

Use the handouts How Satellite images are different from photographs to answer the following questions.   

1. What is a true color image?  The picture shows objects in the same color that your eyes would normally see 
them.   
 

2. What is a false color image? The colors have been assigned to three wavelengths that are different from 
what your eyes would normally see 
 
 

3. What is the electromagnetic spectrum?  All objects emit radiation in various amounts and at differing 
wavelengths.  All of these emissions of varying wavelengths and frequencies are collectively called the 
electromagnetic spectrum. 
 

4. How many spectral bands does the Landsat 7 Satellite collect at once?  Seven 
 
 

5. Do different objects on earth reflect different wavelengths of light?  What wavelengths can humans see?  
Yes, different objects on earth reflect different wavelengths of light.  Humans can only see a small range of 
those wavelengths but satellites can detect wavelengths into the ultraviolet and infrared.   Humans see the 
visible spectrum which corresponds to a wavelength range of 400-700 nanometers.   
 

6. Why do we call color satellite images false color images?  Because colors are assigned that are not related 
to the physical color the human eyes can see.  Sometimes even if a true color can be applied, scientists will 
apply a false color so that it is easier to see and analyze a particular feature. 
 

7. Based on what you just read, describe the difference between a photograph and a satellite image.  
 
Photographs are qualitative, showing the amount of visible light reflected from an object. 
 
Satellite images are quantitative in that each pixel has data associated with it and satellite images capture 
wavelengths that the human eye cannot see. 
 

8. What is remote sensing?  Remote sensing is the science of obtaining information about objects or areas 
from a distance, typically from aircraft or satellites. 
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Worksheet 2: Using the Data 

TEACHER ANSWER SHEET 

Use the Falls Lake, NC Data Sheet to answer the following questions. 

1. The Corps of Engineers uses a 251.5 feet surface elevation as their target level for Falls Lake. If 
the elevation is above 251.5, the lake is being used to store extra water to prevent flooding 
downstream.  If it drops below that number, water release (outflow and water supply) must be 
managed. Use the surface elevation data to graph the average surface elevation for each month 
from February, 2007 to February, 2009. 
 
Interestingly, the results of this graph of surface elevation data looks much like the graph of total 
precipitation at Falls Lake provided in this lesson. 
 
 
 
  
 
 
 
 
 
 
 

Months 

 
2. Look at the column on the Falls Lake, NC data sheet that says inflow. The Corps of Engineers has 

to estimate the inflow because they cannot get exact measurements.  Look at the lake water budget 
diagram.  1). List all of the ways water can flow into the lake.  2). which ones do you think are 
difficult to measure? 

• Direct precipitation into the lake, can measure using inches of rainfall and area of lake 
• direct runoff from the landscape, cannot directly measure this but can estimate 
• River and stream inflow, can measure this if there are stream gages in each stream  
• Point source discharges (from industry and waste water treatment plants) could ask the WWTP 

and industries to measure this.  
• Groundwater input, difficult to measure.  

 

3. Outflow is the amount of water the Corps of Engineers releases from the dam into the Neuse 
River. Why would they release water into the river during a drought?  The city of Raleigh does not 
own all of the water.  The COE is required to release water into the river for ecological health 
and for towns downstream who use the river water for drinking water. 
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4. Now look at the surface elevation data, the precipitation data and the inflow and outflow data.   
Tell a story of what happened to the lake between May of 2007 and April of 2008.   

• The elevation of the lake kept dropping until December 2007, down to 241.86 feet, and then rose 
again to the target level by April, 2008.   

• The tabular precipitation data does not reveal an obvious trend because rainfall varied month to 
month.  The precipitation graph shows the overall trend of total precipitation in the previous year, 
which shows much lower precipitation rates proceeding that time. 

• Outflows (water being released downstream) were reduced significantly during the period of Nov 
2007 to March 2008. But not completely. 

• Raleigh reduced their water intake during that time also. 
 

Using the satellite images of Falls Lake for 2007, 2008 and 2009, each taken in the month of February, 
answer the following questions.  

1. Compare and contrast the images. What differences do you observe?  
• The 2008 image has much more light green where the lake should be.  Since the red to black color 

represents water, this must mean there is no water in the light green areas.  
• The 2009 photo has more red in the water than the 2007 photo.  This is an indication of more 

particulates, or turbidity, in the red portions of the water.   
• Light green, in contrast to the dark green, of the landscape indicates cleared land vs. tree cover.  

Red color in the landscape indicates developed areas, such as roads, pavement and buildings.  No 
obvious change in cleared or developed land can be seen between 2007 and 2009.   

• Teacher suggestion: Ask the students to try and identify at least one change in the landscape 
between 2007 and 2009.   
 

2. Are the images consistent with the data presented on the Falls Lake data sheet?  
Why or why not? Yes.  When the surface elevation data was 243 feet, the 2008 image reveals less 
water in the lake. 

 

3. Would it have been easier to understand the table data if you had seen the images first? Why or 
why not? Yes. The change in average surface elevation from 251 feet to 243 feet may not seem 
significant until looking at the image from 2008.  The images also show that the lake is not a 
simple oval where inflow and landscape changes can be easily measured.   
 
 

4. What information could you collect using remote sensing images such as these? How might these 
data be useful? The last 4 pages of the Landsat handout has a list of uses 

 
 



Falls Lake, NC Data  Sheet
The US Army Corp of Engineers records information about Falls Lake daily, these data have been 
compiled into monthly averages in the table below.  Data can be obtained from the year 2000 to 
present at this link:  http://epec.saw.usace.army.mil/fall00pr.txt 
 

Red text correspond to the dates of the accompanying Landsat Images 
Year Month Avg Surface 

Elevation (ft) 
Total Content 
(acre ft) 

Outflow 
(cfs) 

Water Supply  
(cfs) 

Inflow  
(cfs) 

Precipitation 
Data (mm)  

2007 Feb 251.82 127,429 481 68 586 42.6 
 March 252.21  945 73 1023 96 
 April 252.42  974 76 1060 116.1 
 May 251.57  188 90 137 45.8 
 June 250.79  135 93 47 95.1 
 July 249.42  137 93 -25 92.7 
 Aug 247.71  171 98 -46 33.1 
 Sept 245.52  133 84 -44 81 
 Oct 243.58  118 75 93 107.4 
 Nov 242.82  72 64 8 17.6 
 Dec 241.86  55 62 185 117.5 

2008 Jan 243  56 63 101 38.7 
 Feb 243.35 49,587 54 61 221 64.7 
 March 248.07  30 58 887 126.5 
 April 251.79  337 61 1114 107.9 
 May 252.19  415 66 223 60.9 
 June 251.28  118 82 81 79 
 July 251.49  102 78 174 110 
 Aug 250.52  156 83 252 156.1 
 Sept 254.36  1328 74 1930 239.7 
 Oct 251.98  477 74 66 35.4 
 Nov 251.43  97 67 230 89.7 
 Dec 252.55  851 63 990 128 

2009 Jan 252.1  672 64 736 64.7 
 Feb 252.29 132,932 143 65 298 25 

 

    
 

Average Surface Elevation (feet): This is the elevation of the lake above sea level.  The deepest part of the lake 
is considered to be at 200 feet of elevation. 

Total Content (acre feet): This is the amount of water, or volume of water in the lake determined by 
calculations made by the Corps of Engineers.   

Outflow (cubic feet/second): The amount of water release at the dam. 

Water Supply (cubic feet/second): The amount of water taken directly from the lake for Raleigh water supply. 

Inflow (cubic feet/second): Inflow is calculated by the Corp of Engineers using measurable factors such as 
surface elevation and outflow to estimate inflow.  Reasons for negative calculations can be evaporation or 
wind affecting the elevation measurements. 

Precipitation (millimeters): Monthly precipitation.   

http://epec.saw.usace.army.mil/fall00pr.txt
mdrostin
Typewritten Text

mdrostin
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Schematic of a water budget for a lake 

 

 

Graph of Total Precipitation at Falls Lake, NC from December 2006 to December 2010 

 

 


	Using Remote Sensing Data to Evaluate Water Resources in North Carolina
	Alignment to NC Essential Standards for Science
	8th Grade Science
	8.E.1 Understand the hydrosphere and the impact of humans on local systems and the effects of the hydrosphere on humans.
	Earth and Environmental Science
	EEn.1.1.3 Explain how the sun produces energy which is transferred to the earth by radiation.
	EEn.2.3 Explain the structure and processes within the hydrosphere.
	EEn.2.4 Evaluate how humans use water.
	High School Technology
	HS.TT.1.1 Use appropriate technology tools and other resources to access information
	HS.TT.2.1 Use appropriate technology tools and other resources to organize information
	Alignment to Next Generation Science Standards (NGSS) Scientific  and Engineering Practices Developing and using models, Analyzing and interpreting data, Using mathematics and computational thinking, Constructing explanations, Obtaining, evaluating, a...
	Crosscutting Concepts Cause and effect: Mechanism and explanation, Scale, proportion, and quantity, Systems and system models, Energy and matter: Flows, cycles, and conservation, Stability and change
	Disciplinary Core Ideas Earth and Space Sciences
	-   ESS2: Earth’s systems
	-   ESS3: Earth and human activity
	Engineering, Technology, and Applications of Science
	-   ETS2: Links among engineering, technology, science, and society
	Learning objectives
	Time required
	For the full lesson, 3-4 hours
	Materials needed

	Procedure
	Engage
	Explain
	Elaborate
	8. Using the Student Instructions for using the USGS LandsatLook Viewer zoom in to Falls Lake.  Following the instructions, find the image of Falls Lake from March 1981.  Ask students to observe this image and then compare to the next image from June ...
	9. What additional data would be useful for predicting and preparing for future inflows and outflows of Falls Lake?
	Evaluate
	10. Ask students to draw a water budget diagram for Falls Lake using the data - what are the inflows and outflows for this lake?  (This can be compared to student pre-assessment).
	11. Then, as a journaling activity or writing assignment, ask students to describe the interrelationship between hydrologic and human systems by considering how people impact the water budget of a lake such as Falls Lake and how these impacts might sh...
	Resources
	USGS LandsatLook Viewer
	http://landsatlook.usgs.gov/
	About Landsat
	http://landsat.gsfc.nasa.gov/
	SEOS offers interactive tutorials for remote sensing.
	http://lms.seos-project.eu/learning_modules
	Acknowledgements
	This lesson was written by:
	Michele Drostin and Dana Haine, Institute for the Environment, University of North Carolina at Chapel Hill.
	Reviewed by:
	Tamlin Pavelsky, Ph.D., Department of Geological Sciences, University of North Carolina at Chapel Hill;
	DeeDee Whitaker, Southwest Guilford High School; Summer Lail, East Burke High School; Mark Case, Southern Guilford High School; Linda Fichthorn, West Davidson High School; Leslie Jones, Chatham Central High School; Dawn Briggs, Western Guildford High ...
	Funded by the NASA New Investigator Program under grant #NNX11AP63G





