Remote Sensing, Impervious Surfaces, and the Salt Marsh
Author: Samantha Narduzzi, Sea Grant Marine Education Intern, 2010-2011
Summary: Students will be introduced to basic remote sensing techniques while learning
about the effects of urban runoff on salt marsh ecosystems.
Grade: 9-12
Time Required:
Day 1 (45 minutes) – Lecture/Discussion
 Salt Marsh (15 minutes)
 Impervious Surfaces (15 minutes)
 Remote Sensing (15 minutes)
Day 2 (45 minutes) – Lab Activity
 Aerial Photo Overview (1-2 minutes)
 Map Construction (10-15 minutes)
 Counting/Calculations (3-35 minutes)
* Assign Short Answer Questions for Homework
Keywords: remote sensing, impervious surface, urban runoff, salt marsh, coastal
development
NSES Standards (9-12)
Life Sciences
12CLS4 -Interdependence of organisms
Science and Technology
12EST2 - Understanding about science and technology
Science in Personal and Social Perspectives
12FSPSP3 - Natural resources
12FSPSP4 - Environmental quality
12FSPSP5 - Natural and human-induced hazards
12FSPSP5 - Natural and human-induced hazards
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Georgia Performance Standards (9-12)
Habits of Mind
SCSh3 - Students will identify and investigate problems scientifically.
SCSh5 - Students will demonstrate the computation and estimation skills necessary for
analyzing data and developing reasonable scientific explanations.
SCSh6 - Students will communicate scientific investigations and information clearly.
Content
SB4 - Students will assess the dependence of all organisms on one another and the
flow of energy and matter within their ecosystems.
Ocean Literacy
6 - The ocean and humans are inextricably interconnected
Objectives:
- SWBAT (Students Will Be Able To) compare and contrast two data sets
qualitatively and quantitatively
- SWBAT analyze qualitative data and discern quantitative data from it through the
correct use of mathematical formulas and equations.
- SWBAT describe the effects of impervious surfaces on salt marshes and apply this
knowledge to the development of possible solutions to urban runoff.
Materials / Equipment: PowerPoints, notebooks, pencils, quadrant maps, lab packets,
rulers, calculators, scissors, tape, markers
Procedure:
I.
Lecture/Discussion: Using the PowerPoint presentation provided, introduce the
basics of salt marsh ecology to the class and discuss why salt marshes are
important to Georgia citizens (make it personal to the students). Briefly
introduce common threats to the salt marsh, and discuss the problem of
impervious surfaces in detail. Ask students what types of impervious surfaces
they see on a daily basis, and discuss alternatives and strategies to lower impact
on the marsh. Finally, introduce the basics of remote sensing, how it works, and
how it is useful in research.
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II.

Lab: Introduce students to aerial photos with PowerPoint slide titled “Aerial
Photo for Lab”. Then divide students into groups of four. Each lab group will
receive one complete set of aerial photos from 1997 and one complete set from
2008. Each student in the group should get their own Remote Sensing Lab
Packet. Have students work through the packet:
Cut out and construct both full-sized aerial photos
Calculate total area
Count how many grid squares contain >50% impervious surface
Calculate percent coverage
Have students respond to short answer questions.

Classroom Extension (Optional):
Take the remote sensing activity one step farther and use Google Earth to find an
aerial photo of an area near your school. Use Google Earth’s Historic App to look
at older images of the same area. Students can use the grid method to look at
impervious surfaces, tree coverage, buildings, etc.
For more information on impervious surfaces and salt marshes, have the students
design and/or implement solutions to urban runoff. For example, build a rain
garden for your school, or disconnect your school’s downspouts (see
http://cfpub.epa.gov/npdes/greeninfrastructure/technology.cfm for more ideas).

Additional Resources:
The Earth Observatory. (2011). Remote Sensing. Retrieved from:
http://earthobservatory.nasa.gov/Features/RemoteSensing/
ESRI. (2011). GIS.com. Retrieved from: http://www.gis.com/
Georgia Department of Natural Resources. (2011). Georgia’s salt marshes. Retrieved
from: http://crd.dnr.state.ga.us/content/displaycontent.asp?txtDocument=22
Google. (2011). Google Earth. Retrieved from: http://www.google.com/earth/index.html
NASA. (2011). Ozone hole watch. Retrieved from: http://ozonewatch.gsfc.nasa.gov/
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National Park Advocates, LLC. (2011). Yellowstone National Park’s psychedelic wolves:
using thermal imagery to study disease. Retrieved from:
http://www.nationalparkstraveler.com/2010/12/yellowstone-nationalpark%E2%80%99s-%E2%80%98psychedelic%E2%80%99-wolves-usingthermal-imagery-study-disease7344
National Park Service. (2005). Cumberland Island: an ecological survey to the coastal
region of Georgia. Retrieved from
http://www.nps.gov/history/history/online_books/science/3/chap4.htm
NOAA Coastal Service Center. (2011). Alternatives for coastal development: one site,
three scenarios. Retrieved from:
http://www.csc.noaa.gov/alternatives/impervious.html
Nybakken, J.W. (1997). Marine biology: an ecological approach (Fourth Edition). New
York: Addison-Wesley Educational Publishers Inc.
Short, N.M. (2011). Radar and microwave remote sensing. Retrieved from:
http://rst.gsfc.nasa.gov/Sect8/Sect8_1.html
SkIO. (2011). Urban runoff and oxygen dynamics on marsh platforms. Retrieved from:
http://www.skio.usg.edu/?p=research/bio/urbanrunoff
U.S. EPA. (2010). Managing wet weather with green infrastructure. Retrieved from:
http://cfpub.epa.gov/npdes/greeninfrastructure/technology.cfm
U.S. Geology Survey. (2010). Water science for schools. Retrieved from:
http://ga.water.usgs.gov/edu/impervious.html
U.S. Geology Survey. (2010). Remote sensing. Retrieved from:
http://www.usgs.gov/science/science.php?term=981
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assistance with this project
Activity development funded by Georgia Sea Grant 2010-2011 E/EDU-1-Timmons.

Samantha Narduzzi, 2011

Page 5

Name:

Remote Sensing Lab Packet
Part I. Aerial Photo Construction
At your lab station, locate the five sheets of paper with quadrants from 1997. Examine the first
sheet entitled “1997 Quadrant Map”. This paper shows an aerial photo of a neighborhood
located on Wilmington Island, GA.
Since the photos and grids on the 1997 Quadrant Map sheet are too small to comfortably work
with, we will use the following four sheets (1997 Quadrant I, 1997 Quadrant II, 1997 Quadrant
III, and 1997 Quadrant IV) to construct a larger version. Using scissors, carefully cut out each
quadrant. Then put all the quadrants together to form a complete image (use the small-scale
1997 Quadrant Map to match larger quadrants to their correct position).
As a group, observe your newly constructed aerial photo carefully. Answer the questions below:
1. Which quadrants of the photo contain salt marsh?
2. (a) Define “Impervious Surface”.

(b) Find 3 examples of impervious surface in your photo, and list them below:
3. (a) What is the scale for this photo? Round measurements to the nearest tenth.
(b) Using the scale, determine the area of the entire 1997 sample site (all four quadrants).
Show your work on a sheet of scrap paper. Round all numbers to the nearest tenth.
(1) Using your scale, convert the length of the sample site into meters (use cross multiplication).
(2) Using your scale, convert the width of the sample site into meters (use cross multiplication).
(3) Multiply length by width to determine the sample site’s area in meters2.

(1) For example, if the scale was 3cm = 100m,
and the sample site’s height was 35 cm…

Length = _______m

Width = _______ m

Area = _______m2
where “L” represents length.

Repeat the construction process for the five sheets of paper with quadrants from 2008, and
answer the questions below:
4. (a) What is the scale for this photo? Round measurements to the nearest tenth.

(b) Using the scale, determine the area of the entire 2008 sample site (all four quadrants).
Show your work on a sheet of scrap paper. Round all numbers to the nearest tenth.
(See 3b for hints)
Length = _______m
Width = _______ m
Area = _______m2
(c) Is the area of this sample site similar to the area of the 1997 site? From a researcher’s
point of view, why is this important?

5. Compare the 1997 aerial photo to the 2008 photo. How are they similar? How are they
different?

Check your aerial photo constructions and scale
calculations with your teacher before moving on
to Part II!

Teacher’s Initials

Part II. Data Collection and Calculations
When studying an area, we sometimes need to measure the area of an irregularly shaped object
(like a river, mountain, or tree crown). This can make it difficult to accurately calculate lengths,
widths, or areas. For example, consider the picture below. Estimate the percentage of this image
covered by the crowns (leaves) of the two trees:
_______%

The irregular shape of the trees’ crowns makes it
impossible to measure the area using a ruler. In
these situations, a grid can be useful in calculating
percent coverage.

Let’s lay a grid over the image of our two trees. The bolded lines outline squares that are more
than 50% covered by tree crowns. Count these squares and record your number in the space
below.
_____ Squares Containing >50%Tree Crown
Next, count the total number of squares in the grid.
Record your answer below:
%
_____ Squares Total
Finally, use the formula below to calculate the
percent coverage of tree crowns in the image, and
write your answer below (round to the nearest
tenth):
%

The grid method is not limited to measuring tree crowns; it can be applied to many irregularlyshaped objects. Return your attention to the aerial photos of Sample Site A constructed earlier
in this lab. Let’s apply the grid method to measure the impervious surfaces in these photos.
Calculate the percent of Sample Site A that is covered by impervious surfaces in 1997 and in
2008 (this time, count squares covered by impervious surfaces instead of tree crowns). You
may find a fine-tipped marker helpful when counting grid squares. Remember to look at the
entire study site, not individual quadrants. Save your calculations on a piece of scrap paper, and
fill in your values below (round to the nearest tenth):
1997:

%

2008:

%

We now know the percent of our study area that is covered by impervious surfaces, but this data
can also help us determine the actual area that is covered by impervious surfaces in each photo.

For example, let’s say that the picture to the left shows a
25,000 m2 area. As shown, 24 of the total 54 grid
squares are more than half-covered by impervious
surfaces. Thus, impervious surfaces cover about 44.4%
of this image.

To determine how many square meters of ground are
covered by impervious surface in the same photo, we
only need to know what 44.4% of the total area is. Use
the equation below (round to the nearest tenth):

Thus, in the picture above, ________ m2 is covered by impervious surfaces.

Using the method and equation described above, calculate the area in Sample Site A that is
covered by impervious surfaces in 1997 and in 2008 (remember, we are looking at the big
picture, not individual quadrants!). Save your calculations on a piece of scrap paper, and fill in
your values below:
1997:

m2

2008:

m2

Part III. Short Answer Questions (10 points):
Staple the answers to these five questions and any scrap paper with your math
calculations to this lab packet. Completed packets are due on
1. Compare and contrast “qualitative” and “quantitative” data. Why is it important to pull
quantitative data from the aerial photos in this lab? (Why did we just do all that math?)
2. (a) How has impervious surface coverage at this study site changed over the years? Use
data values from this lab to support your answer.
(b) How will this change affect the surrounding salt marsh? Be specific.
3. Salt marshes are an important natural resource that we need to protect, but humans along
the coast need a place to live. Give two strategies for balancing these conflicting needs.
4. Remote sensing can be a very useful tool in the science world, and as technology
improves, this approach can be applied to many more areas of research. Consider the
environmental issues faced by your own town or surrounding area. Give an example of
how remote sensing could be used to help solve these challenges.
5. While convenient, remote sensing does have its limitations; it is still important for
scientists to go into the field and collect first-hand observations and data! Give one pro
and one con of collecting data via remote sensing.

1997 Quadrant Map

1997, Quadrant I

1997, Quadrant II

1997, Quadrant III

1997, Quadrant IV

2008 Quadrant Map

2008, Quadrant I

2008, Quadrant II

2008, Quadrant III

2008, Quadrant IV

Name:

Answer Key

Remote Sensing Lab Packet
Part I. Aerial Photo Construction
At your lab station, locate the five sheets of paper with quadrants from 1997. Examine the first
sheet entitled “1997 Quadrant Map”. This paper shows an aerial photo of a neighborhood
located on Wilmington Island, GA.
Since the photos and grids on the 1997 Quadrant Map sheet are too small to comfortably work
with, we will use the following four sheets (1997 Quadrant I, 1997 Quadrant II, 1997 Quadrant
III, and 1997 Quadrant IV) to construct a larger version. Using scissors, carefully cut out each
quadrant. Then put all the quadrants together to form a complete image (use the small-scale
1997 Quadrant Map to match larger quadrants to their correct position).
As a group, observe your newly constructed aerial photo carefully. Answer the questions below:
1. Which quadrants of the photo contain salt marsh?
Quadrants I,III, IV
2. (a) Define “Impervious Surface”.
Impervious Surfaces: anything that prevents water from soaking into the ground
(b) Find 3 examples of impervious surface in your photo, and list them below:
Roofs, streets, driveways, etc.
3. (a) What is the scale for this photo? Round measurements to the nearest tenth.
5.2cm = 100 m
(b) Using the scale, determine the area of the entire 1997 sample site (all four quadrants).
Show your work on a sheet of scrap paper. Round all numbers to the nearest tenth.
(1) Using your scale, convert the length of the sample site into meters (use cross multiplication).
(2) Using your scale, convert the width of the sample site into meters (use cross multiplication).
(3) Multiply length by width to determine the sample site’s area in meters2.

(1) For example, if the scale was 3cm = 100m,
and the sample site’s height was 35 cm…

Length = _894.2_m

Width = _682.7_ m

Area = 610,470.3 m2
where “L” represents length.

Repeat construction for the five sheets of paper with quadrants from 2008, and answer the
questions below:
4. (a) What is the scale for this photo? Round measurements to the nearest tenth.
5.1 cm = 100 m
(b) Using the scale, determine the area of the entire 2008 sample site (all four quadrants).
Show your work on a sheet of scrap paper. Round all numbers to the nearest tenth.
(See 3b for hints)
Length = _892.2__m
Width = _680.4_ m
Area = _607,052.9_m2
(c) Is the area of this sample site similar to the area of the 1997 site? From a researcher’s
point of view, why is this important?
The two sample sites sizes are very similar (differing only by 3417.4 m2). In
research, it is important to select two similar sites so valid comparisons can be
made (limits the other variables involved)
Suggestion: If students find it difficult to conceptualize 3417.4 m2, have them
convert it to miles (1 mile = 1609.3 meters)
5. Compare the 1997 aerial photo to the 2008 photo. How are they similar? How are they
different?
Answers should focus on development. 1997 has more trees. 2008 has more
houses, streets, driveways, etc.

Check your aerial photo constructions and scale
calculations with your teacher before moving on
to Part II!

Teacher’s Initials

Part II. Data Collection and Calculations
When studying an area, we sometimes need to measure the area of an irregularly shaped object
(like a river, mountain, or tree crown). This can make it difficult to accurately calculate lengths,
widths, or areas. For example, consider the picture below. Estimate the percentage of this image
is covered by the crowns (leaves) of the two trees:
_______%

Any estimate is
acceptable for this
blank

The irregular shape of the trees’ crowns makes it
impossible to measure the area using a ruler. In
these situations, a grid can be useful in calculating
percent coverage.

Let’s lay a grid over the image of our two trees. The bolded lines outline squares that are more
than 50% covered by tree crowns. Count these squares and record your number in the space
below.
_26_ Squares Containing >50%Tree Crown
Next, count the total number of squares in the grid.
Record your answer below:
%
_80_ Squares Total
Finally, use the formula below to calculate the
percent coverage of tree crowns in the image, and
write your answer below (round to the nearest
tenth):
32.5

%

The grid method is not limited to measuring tree crowns; it can be applied to many irregularlyshaped objects. Return your attention to the aerial photos of Sample Site A constructed earlier
in this lab. Let’s apply the grid method to measure the impervious surfaces in these photos.
Calculate the percent of Sample Site A that is covered by impervious surfaces in 1997 and in
2008 (this time, count squares covered by impervious surfaces instead of tree crowns). You
may find a fine-tipped marker helpful when counting grid squares. Remember to look at the
entire study site, not individual quadrants. Save your calculations on a piece of scrap paper, and
fill in your values below (round to the nearest tenth):
1997:

6

%

2008:

18

%

Because there is some level of
subjectivity when determining if a
grid square is 50% covered by
impervious surface, these answers
may vary by ± 1%

We now know the percent of our study area that is covered by impervious surfaces, but this data
can also help us determine the actual area that is covered by impervious surfaces in each photo.

For example, let’s say that the picture to the left shows a
25,000 m2 area. As shown, 24 of the total 54 grid
squares are more than half-covered by impervious
surfaces. Thus, impervious surfaces cover about 44.4%
of this image.

To determine how many square meters of ground are
covered by impervious surface in the same photo, we
only need to know what 44.4% of the total area is. Use
the equation below (round to the nearest tenth):

Thus, in the picture above, _11,100_ m2 is covered by impervious surfaces.

Using the method and equation described above, calculate the area in Sample Site A that is
covered by impervious surfaces in 1997 and in 2008 (remember, we are looking at the big
picture, not individual quadrants!). Save your calculations on a piece of scrap paper, and fill in
your values below (round to the nearest tenth):
1997:

36,628.2 m2

2008:

109,269.5 m2

Due to subjectivity in measuring and
calculating percent coverage, these
answers may vary by ± 7000 m2
(<0.002 mi2)

Part III. Short Answer Questions (10 points):
When students have completed the lab, consider having a class discussion on the lab’s
implications before assigning short answer questions:
How has impervious surface coverage in Sample Site A changed over the last decade?
How will an increase in impervious surfaces affect the surrounding marshes in
Sample Site A?
What are some alternatives to this type of development?

Staple the answers to these five questions and any scrap paper with your math
calculations to this lab packet. Completed packets are due on
1. Compare and contrast “qualitative” and “quantitative” data. Why is it important to pull
quantitative data from the aerial photos in this lab? (Why did we just do all that math?)
2. (a) How has impervious surface coverage at this study site changed over the years? Use
data values from this lab to support your answer.
(b) How will this change affect the surrounding salt marsh? Be specific.
3. Salt marshes are an important natural resource that we need to protect, but humans along
the coast need a place to live. Give two strategies for balancing these conflicting needs.
4. Remote sensing can be a very useful tool in the science world, and as technology
improves, this approach can be applied to many more areas of research. Consider the
environmental issues faced by your own town or surrounding area. Give an example of
how remote sensing could be used to help solve these challenges.
5. While convenient, remote sensing does have its limitations; it is still important for
scientists to go into the field and collect first-hand observations and data! Give one pro
and one con of collecting data via remote sensing.

Student Name: ________________________
Rubric for Lab’s Short Answer Questions (10 points total)
Question

2

1

0

Student correctly defined “qualitative”
and “quantitative”. He/she also
explained why quantitative values were
assigned to aerial photos in order to
study, compare, and calculate run off

Student correctly defined
“qualitative” and
“quantitative”, but could not
explain why we pulled
quantitative data from the lab’s
photos. (Or vice-versa)

Student did not
correctly define
words or answer
question

Student correctly answered (a)
but not (b), or vice-versa

Student did not
correctly answer
either (a) or (b)

Student only identified and
explains one strategy

Student did not
identify and
explain any
realistic
strategies

4

Student described at least one local
environment issue and explained how at
least one remote sensing strategy
discussed in lecture or lab could be used
to study and solve it

Student described a local
environmental issue, but could
not correctly explain how
remote sensing could be used
to study/solve it

5

Student described one reasonable pro
and one con of remote sensing (ex.
Pros: low human impact on
environment, can observe issues that are
difficult to see with naked eye, etc.
Cons: scientists are unable to use all
their senses, technology has limitations,
etc.)

Student did not
describe a local
environmental
issue or how to
solve it with
remote sensing

Student described a reasonable
pro but not a con (or viceversa)

Student did not
describe a
reasonable pro
or con.

1

2

3

(a) Student used data (ground coverage
or % change) from lab to explain
that impervious surface coverage
has increased at the study site over
the years
(b) Student gave at least one specific
example of how impervious surfaces
have a negative impact on the
marsh, and explained that more
impervious surface will result in
more impact
Student identified and explained at least
two strategies for balancing coastal
development and environmental needs
(ex. development regulations, backyard
buffers, semi-permeable trails/parking
lots, etc.)

Total: ___ / 10

