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Scene From Above:
Modeling Environmental Changes

Marsha Davis

changes to the environment based on map and satel-

The context for this Modeling Module is estimating
lite images.

The Module begins with a Preliminary Reading, Evaluating
Earth’s Health, in which students view a world map showing
the trend in annual leaf area based on satellite images. Stu-
dents learn that urban expansion is partly to blame for one
region where there is a decrease in annual leaf area. Urban
expansion is also linked to dramatic events in the United
States, such as the Los Angeles wildfires in 2025. The reading
concludes with a discussion of how satellite images play a
crucial role in both controlling the spread and modeling the
behavior of wildfires. In the Preliminary Activity, A Bird’s
Eye View, students are given a satellite image and a map
showing the area around two schools. They select an item
from the satellite image with a known dimension and use it
to estimate the distance between the two schools. Next, they
use the scale bar at the bottom of the satellite image to esti-
mate the distance between the two schools. To compare their
estimates, students must convert them to the same units.

Activity 1, Baywatch, focuses on how Boston, Massachusetts
has changed over time (in part, by filling the bay with land).
Students are given two maps of Boston from the 1800s and
a recent satellite image. Imagining the shape of Boston pen-
insula as a neck with a head, students use the 1838 map and

the satellite image to estimate the actual width of Boston’s
neck and area of its head. After converting their estimates to
the same units, students estimate the percentage change
over time for these two features of Boston. As part of this
activity, students find the areas of some basic geometric
shapes. Then they estimate the area of a park by breaking
the park into subregions consisting of basic geometric
shapes.

The focus of Activity 2, Scaling Perspectives, is on the scale of
a map or satellite image. Using a map’s scale, students con-
vert map distances to real distances and vice versa. Students
use an 1838 Boston map with a scale to create a scale bar for an
1800 Boston map using map distances from Boston Common.
Turning to a map of the Los Angeles Palisades fire, students
complete a scale bar using the known distance between two
items on the map. The activity concludes with two maps that
show an urban region 25 years apart. The problem is that the
two maps have different scales. Students convert one map
to the scale of the other so that they can overlay the two maps
and determine the percentage increase in the urban region.

In Activity 3, Estimating Areas of Irregularly Shaped Regions,
students tackle the problem of estimating the burn areas
from the Palisades wildfire at various times. Students apply
three methods, the inscribed/circumscribed rectangle method,
the square grid method, and the dot method, to estimate the
burn areas at 2:11 p.m., 3:17 p.m., and 6:17 p.m. on the first
day of the fire. Then they calculate the rate of spread of the
fire in each of these time intervals to determine if the fire is
spreading more or less rapidly as the day progresses.

TEACHER NOTES

Prerequisites

e Students should understand the concepts of length and
area. For example, they should understand that if you start
with a square and double the side lengths, the area of the
enlarged square is four times that of the original square.

e Students should understand the basics of unit conversion.
(However, this may need to be discussed further in class.)

Marsha Davis is a Professor at Eastern Connecticut State
University. She can be reached at davisma@easternct.edu or
at the Department of Mathematical Sciences, Eastern Con-
necticut State University, 83 Windham Street, Willimantic,
CT 06226.
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TEACHER NOTES

Mathematical Content

* Areas of basic geometric shapes: circles, rectangles,triangles
® Percentage change in a dimension over time

e Rate of change over time

® Scale of a map

* Scientific notation

* Unit conversion (dimensional analysis)

Material Needed

* Rulers (preferably with centimeter and millimeter markings)

¢ Calculators

* Optional (Internet access)

* Student Pages (printed or electronic PDF files)

* Note: In figures 2.4, 3.1, 3.6, and 3.7, the distance between
the dots, for Getty Villa and Palisades Charter High
School, as measured on a screen or paper printout
should be 60mm; if your printer or screen changes the
scale, some answers could vary.

LESSON NOTES
Preliminary Reading: Evaluating Earth’s Health

The preliminary reading introduces two instances where sat-
ellite images are crucial to evaluating the earth’s health,
changes in leaf coverage around the world and wildfires.
Urban growth as well as climate change are connected to
each of these topics.

The first In the News excerpt in this reading presents a world
map showing the changes in annual leaf coverage. To discuss
this topic in class, go to: https://www.nasa.gov/centers-and-
facilities/ames/human-activity-inchina-and-india-dominates-the-
greening-of-earth-nasa-study-shows/?ref=warpnews.org.

If you have Internet access in class, click on the world map
image to expand it to a full-screen view. You can also click
on certain regions to zoom in.

The second In the News segment focuses on the Los Angeles
wildfires in January 2025. Los Angeles has greatly expanded
since it was incorporated in 1850. Go to:
https://la.curbed.com/ 2016/7/5/12097070/1os-angeles-growth-map
to see a map of the expansion from 1850 to 1986 (see the map
below). The land area of the city of Los Angeles has grown
from 25 square miles to 469.49 square miles (according to
https://laalmanac.com/geography/ge10.php?utm_source=chatgpt.com).
In 1850, the population of Los Angeles was 1,610 and the latest
estimate of population (at the time of this writing) was
approximately 3.8 million.

Figure 0.2 shows satellite images of the Los Angeles wild-
fires captured by the MODIS instrument. Go to:
https://www.earthdata.nasa.gov/news/worldview-image-
archive/wildfires-los-angeles-california for an interactive image.
You can see the progression of the fires by incrementing the
date at the bottom of the image.
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Figure 2. Map of expansion of Los Angeles.

Preliminary Activity: A Bird’s Eye View

The preliminary activity focuses on a satellite image of a
high school (see Figure 0.4). If you want to project the image,
goto:https://earth.google.com/web/search/319+Brookfield+
Road,+Fiskdale,+MA/@42.16048333,-72.
13134304,210.40246238a,1171.44380292d,35y,0h,0t,0r/data=
CiwiJgokCQtXCqjDZzRAEQpXCqjDZzTAGdrXIOF6UE-
hAIZ4jW8q7sErAQgIIAUICCABKDQjSBEAA

Aerial images do not always include a scale at the bottom
as the image in Figure 0.4 has. The preliminary activity focuses
on how you can use items in the image to determine the
scale of the aerial image and then use the scale to determine
real distances between locations in the image.

In question 1, students are asked to find the distance be-
tween two schools. They first need to choose an item in the
satellite image for which they know the distance. The football
or baseball fields would be good items to choose. Here are
some dimensions associated with football and baseball
fields that students might use for their estimates.

® The American football field has standard dimensions. The
field length from goal post to goal post is 100 yards. The
end zones are 10 yards deep on both ends. The field width
is 53 Zyards.

e For baseball fields, the baseline distance (distance between
bases) is 90 feet. The distance from the pitcher’s mound to
home plate is 60.5 feet. The infield arc radius (distance
from pitcher’s mound to grass line) is 95 feet.

For question 2, students estimate the distance between the
two schools using the scale bar at the bottom of the satellite
image.

In question 3 students are asked to compare their distance
estimates from questions 1 and 2. However, they will not
be able to compare their answers until they convert them to
the same units, in this case, miles.
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LESSON NOTES

A good way to close out this activity is to go to:
https://earth.google.com. In the “Search Google Earth” box,
enter the name and location of your school. You can zoom
in and out on this image to see more or less of the school’s
surroundings. You can click on “Layers” and select “Every-
thing” to add labels, roads, and places to the satellite image.
If you scroll down to “Basemap”, you can switch between a
satellite image and a map.

Activity 1 Baywatch

For Activity 1, students will need conversion factors from
the preliminary activity as well as the conversion from rods
into feet given in this activity. You might remind students
of the following conversion factors:

¢ 1 meter = 3.2084 feet

e 1 mile = 1609.344 meters
e 1 mile = 5,280 feet

¢ 1 inch = 25.4 millimeters
e 1 rod =16.5 feet

After three images of Boston, Massachusetts (Figures 1.1, 1.2,
and 1.3), students will encounter the first Modeling Alert!
which focuses on land usage. Revisit this Modeling Alert! as
students progress through this Modeling Module.

Students should work in small groups on this activity, at
least for the first two questions.

In question 1, students focus on one key change from the
maps of Boston (see Figures 1.1 and 1.2) to the satellite image
of Boston (see Figure 1.3) — an airport. From the maps, stu-
dents should note that the land on which Logan Airport is
built shows up as water. Adding land to Boston began
shortly after the city’s founding in 1630. In the mid-1600s,
settlers began filling in tidal areas to create more usable land.
Between 1857 and 1882 filling Boston’s Back Bay was an
ambitious project that took trainloads of gravel and thou-
sands of workers. On this land today, you will find Victorian
brownstones, the Boston Public Library, and Copley Square.
You might encourage students to go to the following URL
and enter Back Bay or Copley Square in the Search bar:
https://earth.google.com/web/search/Boston,+MA/@42.3623
5291,71.04385909,1.61363411a,9494.35090738d,35y,0h,0t,0r/d
ata=CiwiJgokCQtXCqjDZzRAEQpXCqjDZzTAGdrXI0F6

UEhAIZ4jW8q7sErAQgITAUICCABKDQjSBEAA

Question 2 asks students to study the maps and satellite
image of Boston to find other changes in Boston over time.
Allow class time for groups to share some of the changes
they have found.

In question 3, students measure the neck of Boston on the
1838 map and satellite image, both of which include a scale
bar which will allow students to convert map distance to real
distance. To compare the change in the width of Boston’s

neck, students should try to measure the neck in the same
location on both the map and the satellite image. Another
problem students may face is converting the real distance
from both images into the same units.

Give students an opportunity to discuss question 4. This is
an open-ended question that asks students how they would
determine the total change in Boston’s land area from 1800
to 2025 and what problems they might encounter.

The Modeling Alert! after question 4 reminds students to
start simply when tackling a complex modeling problem.
The simplest way to start is to find the areas of some basic
geometric shapes. For question 5, students will need rulers
(which should have a scale in millimeters). After taking
appropriate measurements, students find the areas of a rec-
tangle, circle, and triangle. Students should be familiar with
finding the areas of rectangles and circles. You may want to
remind them how to find the area of a triangle. This would
be a good opportunity to introduce Heron’s formula for
finding the area of a triangle given the lengths of its sides.

Heron’s Formula
If a, b, and c are the side lengths of a triangle, let p = ‘”Zﬂ

Area= @ - D@ - D@ - 0.

For question 5(d), students convert their area of a triangle
from question 5(c) from square millimeters to square cen-
timeters. Make sure students understand that while they
convert lengths in millimeters into centimeters by dividing
by 10, converting areas in square millimeters into square
centimeters requires dividing by 10? or 100.

In question 6, students estimate the area of Boston’s head,
the circular region above the neck, in 1838 and 2025. Then
they calculate the percentage change in area.

Question 7 presents two maps of a park, one before and the
other after expansion. In estimating the areas, students need
to break the regions into parts that involve basic geometric
shapes. To estimate the percentage of park area expansion,
they will need to convert their area estimates (before and
after expansion) to the same units.

Activity 2: Scaling Perspectives

For question 1, students revisit the park from Activity 1,
question 7. They convert a map distance into a real distance and
then a real distance into a map distance. Then they calculate
the map’s scale from the scale bar at the bottom of the map
and use the scale factor to convert a real distance to a map
distance.

In question 2 students use the scale of the 1838 map of Boston
to convert the map distance of a boundary on Boston Com-
mon into a real distance.
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LESSON NOTES

In question 3, students find the map distance of boundary of
Boston Common from question 2 on the 1800 map of Boston.
They use the real distance they calculated for question 2 to
find the scale of the 1800 map of Boston. Once they have a
scale for the 1800 map, students use it to estimate the real
width of Mill Pond at its widest part.

In question 4, after converting the scales of the 1800 and
1838 maps of Boston into the same units, students compare
the scales of the two maps. Mill Pond, which appears on the
1800 map, has been filled in with land by 1838. Students
estimate the map width of Mill Pond if it were to appear on
the 1838 map. Next, students compare the scales of the
satellite image of Boston from Figure 1.3 and the satellite
image of Boston Common from Figure 2.2.

In question 5 students are presented with a map of the
beginning stage of the Palisades fire in Los Angeles. They use
the real distance between two locations, Getty Villa and
Palisades Charter High School, to complete a scale bar for
this map. It should be noted that the distance between Getty
Villa and Palisades Charter High School was calculated from
their approximate geographic coordinates: Getty Villa
(34.0450°N, 118.5640° W) and Palisades Charter High School
(34.0458°N, 118.5306°W). The driving distance is longer,
since it involves roads and terrain.

Question 6 presents maps of two urban regions, one rep-
resenting the region in 2000 and the other in 2025. The map
for 2000 provides a unit-free scale of 1:100,000. Using this
scale, students estimate the real distance of the region’s left
boundary. They convert this distance to meters and then to
miles.

In question 7, students are told that the boundaries of the
urban regions near a pond have not changed between 2000
and 2025 (Figures 2.5 and 2.6). They use this fact and the
scale from the 2000 map to find the scale of the 2025 map.
When finding the scale, students’ calculators may report a
number in the form 1.273E-5, which is the calculator’s way
of specifying a number in scientific notation. (Use this as an
opportunity to discuss scientific notation.) After finding the
scale, students resize the 2000 map to the scale of the 2025
map and overlay their resized map on the 2025 map.

In question 8 students estimate the area of urban expansion
between 2000 and 2025 for the two regions mapped in Figures
2.5 and 2.6. (This work may take some time to complete and
could be assigned as an extension to Activity 2.) After they
estimate the change in urban area, they calculate the percentage
change in urban area.

Activity 3: Estimating Areas of Irregular-Shaped
Regions

Before starting this activity, you may want to give students
an opportunity to create some methods for finding areas of
irregularly shaped regions on their own. Use the handout of
the irregularly shaped region at the end of this Module. Stu-
dents should work in groups to devise methods for estimating
the area of this region. Allow groups to share their methods
and answers with the class before they begin Activity 3.

Students are first introduced to the inscribed/circumscribed
rectangle method for estimating the areas of irregularly
shaped regions. This method could be modified for a different
geometric shape such as a circle or triangle.

In question 1 students use the inscribed/circumscribed rec-
tangle method to estimate the map area and then real area
of Los Angeles County (without considering the two islands
that are part of Los Angeles County).

In question 2 students determine the scale of the map of Los
Angeles County and convert their map area estimate from
question 1 to an estimate of the real area.

For question 3, students revise their area estimates of Los
Angeles County to include the two islands that they ignored
in questions 1 and 2. Given the actual area of Los Angeles
County, they calculate the percent error of their estimate.

For question 4 students turn to a map of the Palisades fire
at 6:17 on January 7, 2025. They adapt the inscribed/circum-
scribed rectangle method to estimate the map area and then
real area of the fire. Give students an opportunity to compare
their estimates of the fire area and how they adapted the
inscribed/circumscribed rectangle method to estimate the
area of fire. For example, if the wildfire appears to be broken
into parts, students could use the Modeling Alert! about
breaking a problem situation into subproblems and applying
the inscribed/circumscribed rectangle method to the sub-
problems.

For question 5(a) students suggest how they might adapt
the square grid method to estimate the map area of the Palisades
fire. The problem with applying the square grid method directly
is that the burn area may only cover a portion of a square.
There are two sample answers that suggest two possible
approaches. If students are working in groups, you might
assign half the groups to the approach described in sample
answer #1 and half to the approach described in sample
answer #2. For the remainder of question 5, students use
their approach from question 5(a) to estimate the map burn
area at 3:17 p.m., and then to convert that area to a real area
expressed first in units of square miles and then in acres.

In question 6 students use the dot method to estimate the
map area and then the real area of the Palisades fire at 2:11 p.m.






