UAS/GIS Applications and Career Pathways
Lesson Plan 4

.

Title of Lesson

Mapping Forests carbon with LiDAR

Time Required

50 minutes

Materials

Appendix A: IGrow Measuring Tree Diameter and Height
Appendix B: Calculating Tree Benefits
Appendix C: Aerial Image of Forested Area (Montgomery County, Ohio)
Appendix D: Instructions for LiDARview.com
Appendix E: Comparison of Aerial Photo and LiDAR Images in Montgomery
County
Appendix F: Uses of Drones in Forestry
Appendix G: Further Exploration (Aerial Photo and LiDAR Comparison of
Downtown Dayton, Ohio)
Appendix H: Article title “Satellite Laser Will Map Forests in 3-D”
Appendix I: Key Vocabulary
Computer (for Instructor) recommended
Projector
Video: “LiDAR-Introduction to Light Detection and Ranging”
https://www.youtube.com/watch?v=m7SXoFv6Sdc
Video: “How Does LiDAR Remote Sensing Work? Light Detection and Ranging”
https://www.youtube.com/watch?v=EYbhNSUnIdU
Video: “Drones are Monitoring California’s Sequoia Trees”
https://www.youtube.com/watch?v=m9h4G3Kry30
Video: “Mapping forests’ carbon with Lasers”
https://www.youtube.com/watch?v=ATBFfJFDOwU
Video: “Forest Damage Detection Using Advanced Remote Sensing”
https://www.youtube.com/watch?v=93pVEatOkEY
Video: “Precision Forestry”
https://www.youtube.com/watch?v=PG2S_NkKhDo
Video: “Drone use in NPS fires”
https://www.nps.gov/media/video/view.htm?id=91039445-1DD8-B71B0B6407DB093A8BB2
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Objectives
Students will learn how LiDAR and aerial imagery is used to measure and assess trees by:
-Measuring trees and calculating contribution (carbon stock) to environment
-Viewing Laser (LiDAR) created images to identify forests’ carbon.
-Viewing LiDAR data through a free internet viewing site

Essential Questions
Overarching: How can we use remote sensing to understand scientific processes in the world around
us?
Lesson Specific: How can LiDAR be used to create a 3-d image of a region of our world?

Standards
Environmental Science: Earth’s Resources: Water, air, land and biotic field and lab sampling/testing
equipment and methods must be utilized with real-world application.
World Geography: Spatial Thinking and Skills 1: Properties and functions of geographic representations
affect how they can be used to represent, analyze and interpret geographic patterns and processes.
World Geography: Spatial Thinking and Skills 2: Geographic representations and geospatial
technologies are used to investigate, analyze and communicate the results of geographic problem
solving.
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Instructional Process
1. Introduce topic. Ask students: What is airborne sensed data? Where does data come from?
2. Watch video from NEON Science.
Title: LiDAR-Introduction to Light Detection and Ranging (6 minutes) By: NEON Science
https://www.youtube.com/watch?v=m7SXoFv6Sdc
Review: Good example of measuring tree height. This is a broader overview of LiDAR Technology
(history of how it was used initially and how it has used now).
3. Student Activity: Measuring a Tree and calculating Benefits (optional) (Appendix A)
Introduce by walking through how to measure a tree from the bottom up.
https://igrow.org/up/resources/06-1001-2016.pdf
Optional: Note that students can also download a free app to measure tree height (for example,
Timber App https://www.youtube.com/watch?v=00PtouwIClg or Measure Height App
https://play.google.com/store/apps/details?id=ee.deskis.android.height&hl=en ). This can be used if
you would like students to measure trees on you campus or in your community.
4. Student Activity: Calculating Benefits using the National Tree Benefit Calculator. This calculator is
available on the internet. (Appendix B)
Using the tree data measurements obtained above and additional examples provided, calculate the
benefit of individual trees. Students can also try out different scenarios to compare benefits.
http://www.treebenefits.com/calculator/
5. Short one minute video on “Drones are Monitoring California’s Sequoia Trees” . In this video, student
can see how drones can be used to map individual trees.
https://www.youtube.com/watch?v=m9h4G3Kry30 This type of monitoring can be done at an
individual tree level.

6. Now let’s take a closer look at how LiDAR can be used to collect information about vegetation/trees.
Title: How Does LiDAR Remote Sensing Work? Light Detection and Ranging (7 minutes 44 seconds)
By: NEON Science
https://www.youtube.com/watch?v=EYbhNSUnIdU
7. Drones or planes with sensors can be used to track what is happening to trees at the scale of a forest.
Instead of measuring and calculating the carbon for individual trees, scientists can use LiDAR to track the
carbon stock of entire forests. This five minute video describes how LiDAR works.
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https://www.youtube.com/watch?v=ATBFfJFDOwU This video describes how scientists can use LiDAR
to keep track of the world’s carbon stock (stored in trees).
8. Student Activity: Now we are going to look at LiDAR data of a forested area (show the aerial image of
the area -- Appendix C). Students should write a detailed description of each area named by number.
9. The next activity requires internet access as students will view LiDAR data of the forested area on a free
LiDAR viewer. If access is not available to each student, the instructor can demonstrate this on the
instructor’s computer.
Instructions for opening data in LiDARview.com are detailed in Appendix D. Allow students time to
create image from the data.
10. Student activity: Students should compare the LiDAR elevation image with the aerial image of the same
area (Appendix E). Each student should complete the table by describing the elevation of each area as
high, medium and low. Ask what the forested area looks like when represented by raw LiDAR data.
Does it have the elevation that was expected? (Note: if the LiDAR free viewer is not available, the
instructor can use the images for the comparison.)
A list of forest-related use of drones is provided for the instructor (Appendix F)
11. Conclusion – Now students have seen how they can view a simple dataset on a LiDAR viewer. The
following video provides examples of the various ways that LiDAR can be used to better understand
damage done to forests.
Title: Forest Damage Detection Using Advanced Remote Sensing (3 minutes)
by the Centre of Excellence in Laser Scanning Research
https://www.youtube.com/watch?v=93pVEatOkEY
The following video briefly describes how LiDAR can be used to manage forests in Finland.
Title: Precision Forestry
https://www.youtube.com/watch?v=PG2S_NkKhDo
Article: 50 LiDAR Applications
http://grindgis.com/data/lidar-data-50-applications
Possible Questions/Discussion




Discuss how LiDAR data and drone technology can be used to help scientists better protect
forests.
How drones can be used to improve safety for emergency workers?
Review the list of 50 LiDAR applications. Select the one that interest you and do a google search
to explore the application further. For example, google search ‘glacier volume changes drones’.
Then find an article about the topic.
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UAS Connection (using Drones to fight forest fires):
Drone use in NPS fires
https://www.nps.gov/media/video/view.htm?id=91039445-1DD8-B71B-0B6407DB093A8BB2 (1 minute)

Fighting Wildfire with Fire – With drones https://www.youtube.com/watch?v=PWBslebp-2M (1 minute)
Drone based Forest Fire Prevention Technology https://www.youtube.com/watch?v=Q12FHjoM6FI (4
minutes)
Further Exploration:
Additional files of an urban area (Downtown Dayton) are provided so that students can explore an LiDAR in an
urban setting. The four mosaics are shown as they are viewed on the free LiDAR in Appendix G.
Article from Scientific American titled “Satellite Laser will Map Forests in 3D. Instructors may use this article to
extend the discussion of the use of satellite lasers in mapping forests to assess carbon (Appendix H).
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Appendix A: IGrow Measuring Tree Diameter and Height
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Appendix B: Calculating Tree Benefits
Go to www.treebenefits.com/calculator. Enter your zip code on the website and investigate the different trees
below. Make sure to select the correct species, diameter and land-use type. Record your data in the table
below.
Change the tree species, diameters and/or land-use types to see how the water, energy and atmospheric carbon
change. Record your data in the chart below.
Optional: Identify and measure trees on your school campus or in your surrounding community. Determine the
benefits from those trees.
Zip Code: _________
Tree Species

Tree
Diameter

Land-use Type

Ohio
Buckeye
Oak

25

Park

25

Park

Pear, Callery

25

Park

Storm Water
intercept (gallons)

Energy
conservation
(Kilowatt
hours)

Atmospheric
Carbon
(pounds)
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Appendix B: Calculating Tree Benefits (Solution)
Zip Code: 45402
Tree Species

Tree
Diameter

Landuse Type

Storm Water
intercept (gallons)

Atmospheric
Carbon
(pounds)

5,952 gal

Energy
conservation
(Kilowatt
hours)
132 kWh

Ohio
Buckeye
Oak
Pear, Callery

25

Park

25
25

Park
Park

7,353 gal
1,211 gal

143 kWh
32 kWh

1,262 pounds
69 pounds

683 pounds

TBD
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Appendix C: Aerial Image of Forested Area (Montgomery County, Ohio)

1

Feature

Description

Farm Property focused on
house and buildings.

A large property situated back from the road with house, barn and out
buildings. The light colored green area is well manicured grass. The
property is bounded with forests to the north and south.

2

3

4
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Appendix C: Aerial Image of Forested Area (Montgomery County, Ohio) (Solution)
Feature

Description

1

Farm Property focused on
house and buildings.

2

Forest

A large property situated back from the road with house, barn and out
buildings. The light colored green area is well manicured grass. The
property is bounded with forests to the north and south.
Dark green area where individual trees cannot be distinguished from each
other.

3

Crops

Field with rows of crops.

4

Houses

Seven houses situated on the north side of a road. Five of the houses are
set back on the lot evidenced by long driveways.
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Appendix D: Instructions for LiDARview.com
Requirements:
Access to internet
LiDAR_data folder that accompanies this lesson. (Note: This folder is provided on the website. You
should save this folder to your computer. Students would have to have access to this folder to
complete the exercise.)
Instructions:
1.

Go to the LiDARview.com website

2. Click on the ‘Choose File’ button (1) at the top left corner of the screen. Then, find the LiDAR_folder
called ‘ForestedArea.las’ and open (2).
3. At the top of the screen, Click on the button called ‘Render!’ (3). The program will display the points
collected in the file.

4. To change the type of image that is displayed,
go to the dropdown menu. This menu allows you to
choose intensity color and elevation color among
other choices.
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Appendix E: Student Activity Comparison of Aerial Photo and LiDAR Images in
Montgomery County
If each student has an individual computer, allow time to play around with the color options. Then, guide them
to compare the elevation LiDAR image and the aerial image. Ask students to complete the table --- comparing
both images.

The aerial image is an aerial photo of a forested area in the
southwest quadrant of Montgomery County, Ohio. The
image on the right is a LiDAR image of the same area. Note
that the lighter blue shows that the height of objects is
higher than the areas with a darker blue color. The LiDAR
image is displayed on LiDARView.com (free software). The
software also shows a 3D rotating image of the LiDAR data.
LiDAR data is from the state of Ohio OGRIP (Ohio
Geographically referenced Information Program) accessed
at gis5.oit.ohio.gov. The original selection is tile S1430595.
It was renamed ‘forest.las’ on the data provided to
students.

Feature

Elevation (high, medium, Low)

1
2

Farm Property

Medium

3

Crops

4

Houses

Forest

Low
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Appendix E: Student Activity Comparison of Aerial Photo and LiDAR Images in
Montgomery County (Solution)

Feature

Elevation (high, medium, Low)

1
2

Farm Property

Medium

Forest

Ridge showing high/low elevation

3

Crops

low

4

Houses

high
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Appendix F: Uses of Drones in Forestry
15 Uses of Drones in Forestry (http://grinddrone.com/applications/15-uses-of-drones-in-forestry)

Appendix
Further
Exploration (Aerial Photo and LiDAR Comparison of Downtown
November 8,G:
2017
- by admin
Dayton, Ohio)

Drones have a wide variety of uses especially in the field of forestry. Researchers have found out that using drones in different
applications of forestry is not only cost effective but also not very labor intensive. There are several uses of drones in the field of
forestry as has been outlined below.
1. Forest mapping and biodiversity
Drones can be used in forest mapping and this has already paid off in places such as Indonesia. A small drone was deployed to
fly over a forested area and this was able to return data that showed the vastness of the forest and other relevant information
including human activities around the forest.
2. Precision forestry and forestry management
Different parameters relating to forests such as the extent of canopy cover, the number of trees and volume estimation can also
be achieved efficiently through the use of unmanned aircrafts. This data collected by use of drones are usually accurate and can
help in quick and better decision making as opposed to other methods.
3. Mapping canopy gaps
Forest disturbances are mostly caused by wind and snow and these have a direct impact on the productivity of forest stands.
This also affects regeneration. Satellite imagery was initially used to access this kind of data by mapping the canopy gaps but
the information was not as accurate as it needed to be. This however changed with the introduction of drone remote sensing.
4. Measuring forest canopy gaps and other important attributes
Canopy heights and other canopy attributes are some of the best features of forest used by forest professionals. This data
needs to be accessed accurately and thanks to LiDAR technology that can now be mounted on drones, the information can be
accessed fast and efficiently.
5. Capturing forest data
Drones can now be used to capture vital forest data such as the depth of snow in the forest, the canopy attributes such as
canopy gaps and the extent of carbon storage within a forest. This information is not only relevant to forest researchers but also
to forest farmers.
6. 3D mapping for carbon storage
In the past, measuring the extent of carbon storage in biomass has been very labor intensive and very expensive. But thanks to
the introduction of drone technology, remote sensing can now be used to get 3D mapping of carbon storage within forests.
7. Restoration of scorched land
Wild fires often cause extensive damage to land and soil after the fire has been extinguished. The process of land restoration is
what takes years as it requires extensive land survey and tree planting that could take years. Drones can be used to do these
surveys fast and reduce the cost and time of land restoration.
8. Tree planting with drones
Planting trees in a forested area is not an easy task. The land is often not evenly distributed and it is sometimes inaccessible.
Drones can be used to distribute seedlings in these areas in a fast and efficient manner and ensure trees are planted.
9. Saving rainforests
Drones are now being used to do aerial surveys of rainforests to determine where the trees have been affected by human
activities and the patterns being used to achieve this. Drones can then relay the data to the relevant authorities who use it to
make informed decisions.
10. Monitoring illegal quarrying
Drones can be used to monitor illegal quarrying especially in forested areas that cannot be easily accessible by humans. Drones
can fly over these areas and take clear shots of the damage that has been caused in these areas and advise authorities on
corrective measures to take.
11. Measuring forest stockpiles
Most companies are now using drones to measure stockpiles in the forests. Data on the number of logs, amount of sawdust and
woodchips can now be easily determined at a much lower cost than it was before.
12. For dropping fertilizer
One of the toughest and labor intensive jobs is the sprinkling of manure and fertilizer in forested areas. Drones have come in
handy in helping to spread fertilizer over forested areas that were previously inaccessible.
13. Combating deforestation
Communities and companies are now using drones to fight deforestation. Apart from just using drones to plant the trees, these
UAVs are now being used to keep an eye on the forests to capture people or activities that undermine the existence of the
forests.
14. For forest research
Some companies interested in forest research have employed the use of drones because they are cheap and save a lot of time.
They can easily collect data related to the forests including the extent of the forest cover, forest attributes and so on.
15. Forest security
A lot of forest cover is being lost to unscrupulous business people through logging and this ends up causing global warming.
authorities have also employed the use of drones to do forest cover monitoring to arrest the people who are
1 Law
Augenforcement
2018
destroying them.
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Appendix G: 3D image of LiDAR on LiDARview.com (free viewer)
Note to instructor: These images are provided of the four data files of downtown Dayton that you can view in
LiDARview.com. This is informational only.
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LiDAR Intensity Color For Dayton A,B,C, D tiles
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LiDAR Elevation For Dayton A,B,C, D tiles
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Appendix H:

Satellite Laser Will Map Forests in 3-D
And the data will reveal how much carbon woodlands store


By Brittany Patterson on March 8, 2016

GEDI, a NASA Earth-observing system set to go on the International Space Station in 2018, will enable
the government to understand the architecture of forests, as this 3-D rendering depicts. By fully
analyzing the structure of forests, researchers will be able to more accurately measure the amount of
carbon they store. Credit: Photo Courtesy of NASA
In 2018, America's space agency is going to send a laser into the galaxies to assess the world's trees.
It won't be the first time NASA dabbles in lidar technology—shooting lasers onto things and recording
what comes back—but it will be the first time the agency sends a laser specifically designed to measure
the intricate structure of forests.
The goal of the mission, fittingly named GEDI, an acronym for Global Ecosystem Dynamics
Investigation lidar, is to map forests trunk to canopy—or, to put it another way, to measure the volume
of the world's forests and visualize them in 3-D.
By combining data on how much carbon is stored in wood with GEDI measurements, researchers are
hoping to compile a solid estimate of the carbon stored in forests for the first time.
"It will absolutely be a game changer," said Laura Duncanson, a postdoctoral fellow at NASA's Goddard
Space Flight Center who works on the GEDI team. "Lidar is the only technology that can penetrate the
forest floor and estimate carbon."
Globally, forests are estimated to suck up between 10 and 14 percent of current gross emissions. The
activities of the land-use sector, which includes forests but also agriculture and land-use changes,
account for about 24 percent of global greenhouse gas emissions. Many researchers who tally emissions
have conceded that the world has little chance of keeping warming below the agreed 2-degree-Celsius
threshold without the carbon sequestration of forests.
But not all forests are created equal in their carbon-storing abilities. Furthermore, as forest-rich nations
consider how to meet their climate goals set forth at the Paris climate talks late last year, understanding
where and how carbon is being stored in their trees will become increasingly important.
GEDI, many hope, will unlock the next frontier of forest and carbon mapping.

Technology spurs growth
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Over the last few years, the forest carbon monitoring and mapping world has expanded and relatively
quickly, according to experts.
The rising popularity of the U.N.-backed deforestation program, Reducing Emissions from
Deforestation and Forest Degradation in Developing Countries (REDD+) has boosted demand for
baseline data and monitoring of the carbon stored in the world's forests. At the same time, computing
power, the number of satellites and the cost of remote-sensing technology have improved rapidly.
"Technology has allowed us to go so much further," said Nancy Harris, research manager for the World
Resources Institute's online, interactive forest data program, Global Forest Watch. "Probably even less
than 10 years ago, we were relying on FAO data reported every five years on forest biomass and area
information."
Those in the forest world have long worked on measuring forests and deforestation and estimating
carbon. Famously, the Brazilian government, facing troubling rates of forest loss in the Amazon in the
1980s, announced a plan in the 1990s to begin monitoring deforestation, while the authorities cracked
down on those clearing the forest.
In the early 2000s, the Brazilian government introduced multiple programs to detect deforestation,
including DETER, a satellite-based monitoring system that can detect changes in forest cover on a
monthly basis.
Through the use of monitoring technology, Brazil's government is credited with chopping rates of
deforestation about 80 percent since 2004, although currently they are rising again.
Another tool that has long been used for visualizing forest data is Global Forest Watch. Founded in
1997, the goal of the platform, said Harris, is to demystify the data and put it into a format that
decisionmakers can use. Last week, the platform announced the new GLAD (Global Land Analysis and
Discovery) alert system, which detects tree cover loss in Peru, the Republic of Congo and Indonesian
Borneo in less than one week.
"Global Forest Watch has made the data available to anyone with a laptop and Internet connection," said
Frances Seymour, a senior fellow at the Washington, D.C.-based think tank Center for Global
Development.
But the real turning point came two years ago.

How one scientist changed forest monitoring
In 2013, Matthew Hansen, a professor in the Department of Geographical Sciences at the University of
Maryland, published a data set using images taken from the Landsat program, the longest-running
satellite program in the United States, which has collected millions of images of the Earth's surface.
Hansen, who also works on the GEDI team, has been long interested in remote-sensing data and using it
to map large-scale land changes, especially forests.
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Presented in the journal Science, the "Hansen data" was the first global forest data set that showed forest
loss between 2000 and 2012 at a high resolution. Previous trends in forest change were measured using
data from MODIS satellites, which have a resolution between 250 and 300 meters. Landsat 8, for
example, the latest of the program to be put into space, takes images at a 30-meter spatial resolution.
Hansen and his team had been practicing on MODIS data and images from meteorological instruments.
When they could afford it, they would use the finer-resolution images from Landsat satellites.
And then, eight years ago, NASA opened up the Landsat archive.
"The Matt Hansen data set is kind of a paradigm shift in how we monitor forests," Harris said.
Seymour added that through platforms like Global Forest Watch and with the publication of the Hansen
data, now nearly all countries have access to data like Brazil did a decade ago.
"What they'll do now in developing national monitoring systems is adjust it for the particulars in their
country," Seymour said. "This data, as comprehensive and large-scale as it is, is going to make it a lot
easier to set reference levels and measure forest change over time."
Hansen, for his part, sees the data slated to be collected from GEDI as the "backbone" to implementing
any forest policy, whether that be mapping carbon, restoring degraded lands or protecting biodiversity.
GEDI will spend at least two years on the International Space Station. Three lasers developed by
NASA's Goddard Space Flight Center will spread across 14 paths and be able to collect data on the land
between 50 degrees north latitude and 50 degrees south latitude, including nearly all the tropical and
temperate forests on Earth.
"The degree to which we can manage forest resources globally, data from GEDI and other missions will
be critical," Hansen said.

Tree huggers still needed
Although the technology has grown by leaps and bounds, there is still a need for what NASA's
Duncanson calls "professional tree huggers."
In order for carbon measurements to be accurate, someone, at some point in time, will have had to walk
into a forest and literally give a tree a hug. That serves as a measure of the diameter of the tree. Then,
researchers estimate the height and record its species. At some point, scientists calibrate how much
carbon is stored in a species. Those data are used to help calibrate measurements taken from satellites
and lidar systems.
Before remote-sensing instruments, the use of field measurements was the only tool available to try and
measure forest carbon.
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Today, though, by combining the two, scientists are getting much more accurate data. Still, there is a
need for more field work.
"GEDI is the best new set of technology, but it's also critically important to get better estimates of field
carbon," Duncanson said.
In addition, satellites do not do a good job of measuring carbon stored below ground, such as is found in
Indonesia's peatlands, a problem scientists are working on.
Currently, research proposals are being accepted through a prize competition jointly run by the
Indonesian government and the David and Lucile Packard Foundation, aimed at finding a more accurate
and faster way of mapping the extent and depth of Indonesia's carbon-rich peatlands.
Satellites also cannot tell what is causing a change in forest cover. Efforts are underway to map the land
rights and boundaries of indigenous peoples through a platform called LandMark.
"There's a growing sense that just because we have this data that doesn't mean we should abandon
hugging the trees," Seymour said, referring to field measurements. "Forest change happens not just over
the biophysical realities, but through social realities on the ground."
And it's not just NASA that is interested in upping the forest mapping technology ante. The European
Space Agency is expected to launch Biomass, a satellite dedicated to mapping tropical forests in 2020.
Multiple agencies have missions using radar technology also scheduled to launch.
"For so long, we've been limited to this 2-D view of the world, so to map the canopy structure will be
really cool," Harris said. "That provides a great opportunity. If there's only one data set, you don't have
to question what's right, but as you have more and more data, the key will be using that data in a way to
allow insight."
Scientific American. Reprinted from Climatewire with permission from Environment & Energy
Publishing, LLC. www.eenews.net, 202-628-6500
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Appendix I: Key Vocabulary
Carbon Stock
The quantity of carbon contained in a “pool”, meaning a reservoir or system which has the capacity to
accumulate or release carbon. https://www.greenfacts.org/glossary/abc/carbon-stock.htm
LiDAR
“LIDAR, which stands for Light Detection and Ranging, is a remote sensing method that uses light in the form of
a pulsed laser to measure ranges (variable distances) to the Earth. These light pulses—combined with other data
recorded by the airborne system— generate precise, three-dimensional information about the shape of the
Earth and its surface characteristics.” https://oceanservice.noaa.gov/facts/lidar.html
Elevation
“Elevation is distance above sea level. Elevations are usually measured in meters or feet. They can be shown on
maps by contour lines, which connect points with the same elevation; by bands of color; or by numbers giving
the exact elevations of particular points on the Earth’s surface. Maps that show elevations are
called topographic maps.” https://www.nationalgeographic.org/encyclopedia/elevation/
Remote Sensing
“Remote sensing is the process of detecting and monitoring the physical characteristics of an area by measuring
its reflected and emitted radiation at a distance from the targeted area. Special cameras collect remotely sensed
imagesof the Earth, which help researchers "sense" things about the Earth. Some examples are:




Cameras on satellites and airplanes take images of large areas on the Earth's surface, allowing us to see
much more than we can standing on the ground.
Sonar systems on ships can be used to create images of the ocean floor without needing to travel to the
bottom of the ocean.
Cameras on satellites can be used to make images of temperature changes in the oceans.

Some specific uses of remotely sensed images of the Earth include:





Large forest fires can be mapped from space, allowing rangers to see a much larger area than from the
ground.
Tracking clouds to help predict the weather or watch erupting volcanos, and help watch for dust storms.
Tracking the growth of a city and changes in farmland or forests over several years or even decades.
Mapping the ocean bottom - Discovery and mapping of the rugged topography of the ocean floor (e.g.,
huge mountain ranges, deep canyons, and the “magnetic striping” on the ocean floor).”

https://www.usgs.gov/faqs/what-remote-sensing-and-what-it-used?qt-news_science_products=7#qtnews_science_products
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