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Remote Sensing — Hydrosphere
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Overview

The basic concepts of remote sensing are explained to analyze satellite images of two
cases: the turbidity of the water of the Rio de La Plata at its mouth in the sea and the melting
of the HPS-12 glacier in Chile. Satellite images processed with a combination of bands and
indices are used. In addition, students can try different combinations of bands and apply
other specific indices to highlight some features.

Time

4 or 5 lessons

Prerequisites

Ability to interpret satellite images and maps. Ability to locate points using latitude and

longitude.

School level

High school and college students




&% COMITE ACADEMICO PEDAGOGICO GLOBE LAC

Purpose

Understand the application of wave properties, use satellite sensors and satellite images to
obtain information from the Earth, and process it to observe changes, trends, and
interrelationships between the biosphere, atmosphere, hydrosphere, and pedosphere.

Student outcomes

e Know the types of electromagnetic waves satellite sensors use to obtain
information from the Earth system.

e Identify changes and trends in satellite imagery.

e Apply combinations of the bands assigning the colors Red (R), Green (G), and
Blue (B) to identify specific features in the field.

e Apply specific indices to analyze different features in satellite images.

e Analyze the variations of turbidity of the water at the mouth of the La Plata River.

e Analyze the rate of melting of the HPS-12 glacier in Chile.

Background
Remote Sensors

Remote sensing is acquiring information remotely using remote sensors. A camera is a
sensor that allows us to obtain information from objects at a distance. Our eyes are sensors
that enable us to obtain information from our environment. To study the Earth, sensors are
placed on satellites, the International Space Station, airplanes, drones, etc. Fig. 1.
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Fig. 1. Different types of remote sensors that obtain information from Earth. Source:
https://svs.gsfc.nasa.gov, 2

Remote sensors provide a global perspective and a large amount of data from the
atmosphere, hydrosphere, pedosphere, and biosphere that allow us to know the current
state, study trends with historical information (e.g., Record of 20 years of rain and snow),
and use them for data-driven decision making. NASA has its fleet of satellites orbiting the
Earth, and some satellites operate in consortium with other countries (several of them belong
to the Latin American and Caribbean region). An example of this is the International



https://eyes.nasa.gov/apps/earth/#/
https://svs.gsfc.nasa.gov/30892
https://youtu.be/HVxosovHInw
https://svs.gsfc.nasa.gov/30065
https://youtu.be/M0HHZ9vRlpk
https://atrain.nasa.gov/
https://es.wikipedia.org/wiki/Anexo:Agencias_espaciales

Afternoon Constellation, formed by a collaborative group of satellites from different countries
that travel a synchronized orbit with the sun, passing at approximately 13:30 local solar time,
with a difference of seconds to minutes between them (for this reason it is called the Evening
Constellation). This constellation of satellites makes almost simultaneous observations with
a wide variety of sensors that are very useful for conducting research, issuing alerts, making
decisions, etc. Fig. 2.
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Fig. 2. International Afternoon Constellation. Source: https://atrain.nasa.qov/

Some sensors are passive; that is, they detect the electromagnetic waves reflected by the
earth's surface when illuminated by the sun or when it emits light (e.g., the night lights of
cities). Most passive sensors operate in the electromagnetic spectrum’s visible, infrared, and
microwave portions. Passive sensors measure land and sea surface temperature, vegetation
properties, clouds, aerosols, and soil moisture. However, they have limitations because they
cannot penetrate the dense cloud cover that regularly covers the tropics. Active sensors emit
waves that bounce off the earth's surface and return. Most operate in the microwave band of
the electromagnetic spectrum, allowing them to penetrate the atmosphere (e.g., radar).
These sensors measure vertical aerosol profiles, forest structure, precipitation and winds,
sea surface topography, and ice.

The Sun is the primary source of energy observed by satellites. Different types of surfaces
reflect different amounts of solar energy. Albedo is the property of anybody to reflect incident
radiation. For example, snow is a transparent surface and has a high albedo (it reflects up to
90% of incoming solar radiation). The ocean is dark, with low albedo (it reflects only about
6% of incoming solar radiation and absorbs the rest). When energy is absorbed, it is
re-emitted, usually at longer wavelenagths. In the case of the ocean, the absorbed energy is
re-emitted as infrared radiation. The amount of energy surfaces reflect, absorb, or transmit
varies depending on the wavelength.

Spectral bands and signatures

As the reflected energy varies according to the surface type, it can be used to identify
different characteristics of the Earth; it works just like our fingerprints and is called a spectral
signature. Thanks to the spectral signature, it is possible to identify different types of rocks


https://atrain.nasa.gov/
https://youtu.be/BVbbkzygf94
https://youtu.be/DgZKWfRRxKw
https://youtu.be/hSOMnPJom50
https://youtu.be/R5RcCc3qWMY
https://youtu.be/OCxFv_KDdZE
https://youtu.be/R5YYdEATivg
https://youtu.be/Dr4Dkm1Ud1E
https://youtu.be/K-up0o96Vhw
https://youtu.be/MJSaIFY0CsE
https://youtu.be/HVxosovHInw
https://youtu.be/scvyyWqQpww
https://science.nasa.gov/ems/02_anatomy
http://concurso.cnice.mec.es/cnice2006/material121/unidad1/firma_es.htm

and minerals, clear and turbid water, soil moisture, different types of vegetation, state of
vegetation, etc.). Fig. 3.
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Fig. 3. Spectral signatures: (a) of different characteristics of the Earth. (b) vegetation. (c) Examples of
spectral signatures in different pixels of the satellite image of Ronddnia, taken by the Landsat 8
satellite on 07/27/17.

A digital image comprises pixels (or boxes) whose color represents a number each.
Therefore, an image is an array of grayscale numbers ranging from 0 (white) to 255 (black).
Any other value within that range is a variation of gray. (Fig. 4)
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Fig. 4. Satellite image and numerical matrix of a Landsat 7 satellite image band. Each pixel (or frame)
represents a terrain area of 30m x 30m and a certain brightness color. Source:
https.//www.nrcan.gc.ca/

Each satellite image has multiple bands representing different electromagnetic spectrum
wavelengths [Fig. 5 (a)]. The sensors on most satellites use everything from infrared to
ultraviolet, including visible light. The bands represent data from visible regions and infrared
(shortwave infrared, near-infrared, and mid-infrared). [Fig. 5 (b)] When We combine the
bands in an RGB image to obtain a color similar to the natural one, we are working with
three matrices, one per color channel: Red (Red), Green (Green), and Blue (Blue). [Fig. 5



https://www.nrcan.gc.ca/
https://youtu.be/IOKEbZgB2II
https://on.doi.gov/3wAKJvd

(d)] As with grayscale images, 0 represents the absolute absence of color, and 255
represents the total presence of hue for a particular channel. One of the RGB colors is
assigned, and the false color is obtained to observe other aspects reflected in infrared bands
or others in wavelengths that our eyes do not perceive. [Fig. 5 (c)]
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Fig. 5. Combination of bands of Landsat satellite imagery to visualize different aspects. Sources:
NASA and Landsat.

Indexes

As satellite images are matrices, it is possible to perform calculations with them to detect
other elements not visible with the color scheme. The indices are obtained from calculations
with the matrices that form each band of the satellite images. This calculation is performed
using some specific software, and as a result, a new image is obtained where the pixels
related to the parameter we are measuring are graphically highlighted. The vegetation
indices emphasize vegetation cover parameters: density, leaf area index, chlorophyll activity,
and others. For example, details of changes in vegetation cover are easily analyzed by
applying indices. The Normalized Difference Vegetation Index (NDVI) is the most widely used,
but several similar indices exist. The NDVI allows estimating vegetation quantity, quality, and
development based on measuring the intensity of radiation from some bands of the
electromagnetic spectrum that vegetation emits or reflects. The bands vary according to the



https://bit.ly/3XLGJUL
https://mappinggis.com/2015/06/ndvi-que-es-y-como-calcularlo-con-saga-desde-qgis/

type of satellite. Some viewers automatically generate the most common indexes. High
NDVI values indicate healthy vegetation; low values indicate that vegetation is drying out
(may be due to water stress, disease, fire, etc.). Fig. 6.
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Fig. 6. Calculation and satellite images of the Parana River Delta processed with the NDVI
index. Seasonal changes in vegetation are detected with different color intensities.

Spectral indices have been developed to analyze different aspects of satellite images that
have applications in ecology, agriculture, disasters (floods, fires, etc.), aquatic resources,
geology, etc. All use calculations using different bands of satellite imagery.

Guiding Research Questions

e Why does water turbidity vary throughout the year? Is it related to rainfall and
temperature?

e What are the causes of glacier melt? What are the consequences?

e Why do you use different combinations of bands and specific indices to visualize some
land cover characteristics?

Scientific concepts

e Ecosystems. Rivers. Lakes. Glaciers

e Land coverage.

e Waves and the electromagnetic spectrum.
e Graphics. Histograms

e Satellite images

Materials and tools

1. ArcGIS StoryMaps htips://storymaps.arcgis.com/
2. Worldview https://worldview.earthdata.nasa.gov/



https://pro.arcgis.com/es/pro-app/latest/help/data/imagery/indices-gallery.htm
https://storymaps.arcgis.com/
https://worldview.earthdata.nasa.gov/
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3.EO Browser App https://apps.sentinel-hub.com/eo-browser/
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Fig. 7. Infographic of EO Browser App tools.

Case analysis:

Case 1: Turbidity at the mouth of the Rio de la Plata.
e Google Map - Location



https://apps.sentinel-hub.com/eo-browser/
http://www.cima.fcen.uba.ar/reportaje.php?n=15
https://www.google.com/maps/@-35.2159016,-56.5062187,567890m/data=!3m1!1e3

Worldview
e Compare images from 2000 and 2022

e Seasonal turbidity (July and December)

e Environmental conditions. a) Average monthly rainfall, b) Temperature of the
earth's surface, and c¢) Water temperature

e. Generate a video in Worldview with each data group queried.

EO Browser (see tools in Fig. 7):
1. Sentinel image 13/08/22: False color, True color
2. Sentinel Image 06/12/22: Ealse color, True color
e Use the ruler (on the right of the screen) to measure the dispersion of
sediments from the mouth to the sea. Also, measure the area of sediment in
the sea.

In EO Browser images, do the following:

1. See false-color images and analyze seasonal changes.

2. Select Highlight Optimized Natural Color (on the left of the screen) and compare with
false color images. (Consider that sedum. ent albedo is higher at visible
wavelengths.)

3. To make a new combination of bands, go to customize (left below) and select

composite.
1. Drag the bands to the circles to make the RGB combination: (R) 3, (G) 4, and
(B) 8.

2. Compare the sharpness with which you observe the discharge of sediment
from the river concerning previous visualizations.
4. Generate an index. To improve the analysis, use the Normalized Difference Turbidity

Index (NDTI ), which is sensitive to changes in the turbidity of water bodies.
1. Go to Customize (left below) and select Index. The formula for placing the
bands appears. At site A (locate band B4) and site B (locate band B3),
corresponding to the following calculation:

NDTI = (RED — GREEN) / (RED + GREEN)
NDTI (Sentinel 2) = (B4 — B3) / (B4 + B3)

b. Then go to the threshold and select a color palette for the image.

c. Refer to the histogram (on the right of the screen), and open the menu of the
index you are looking at (on the left) to see the reference of the colors.
Analyze the histogram by comparing the values with those in the
reference.

d. You can draw an area and do the same analysis for that particular sector.

e. Go to the ruler and measure the area with sediment in each image.

5. Make a presentation by comparing the results of both images

Case 2: HPS-12 Glacier Melting Analysis

e Google Map - Location

e Climate graph // Weather by Month of the average temperatures and rainfall.
(Optional: Map of the World's glaciers and watersheds)



https://worldview.earthdata.nasa.gov/?v=-61.52217639984088,-37.07065349151608,-53.71624083394902,-33.60134879556415&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg1=false&ca=true&cv=56&t=2000-12-06-T03%3A19%3A41Z&t1=2022-12-06-T03%3A19%3A41Z
https://worldview.earthdata.nasa.gov/?v=-61.52217639984088,-37.07065349151608,-53.71624083394902,-33.60134879556415&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&ca=false&cv=58&t=2022-07-30-T03%3A19%3A41Z&t1=2022-12-06-T03%3A19%3A41Z
https://worldview.earthdata.nasa.gov/?v=-61.52217639984088,-37.07065349151608,-53.71624083394902,-33.60134879556415&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,MERRA2_Precipitation_Bias_Corrected_Monthly,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=true&t=2022-12-06-T03%3A19%3A41Z
https://worldview.earthdata.nasa.gov/?v=-61.52217639984088,-37.07065349151608,-53.71624083394902,-33.60134879556415&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,GHRSST_L4_MUR_Sea_Surface_Temperature,MERRA2_Precipitation_Bias_Corrected_Monthly(hidden),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=true&t=2022-12-06-T03%3A19%3A41Z
https://worldview.earthdata.nasa.gov/?v=-61.52217639984088,-37.07065349151608,-53.71624083394902,-33.60134879556415&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m,MODIS_Aqua_L3_Land_Surface_Temp_Monthly_Day,MERRA2_Precipitation_Bias_Corrected_Monthly(hidden),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=true&t=2022-12-06-T03%3A19%3A41Z
https://youtu.be/gYO97uCH3bQ?t=91
https://apps.sentinel-hub.com/eo-browser/?zoom=8&lat=-35.11003&lng=-57.59216&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2022-08-13T00%3A00%3A00.000Z&toTime=2022-08-13T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22
https://apps.sentinel-hub.com/eo-browser/?zoom=8&lat=-35.11003&lng=-57.59216&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2022-08-13T00%3A00%3A00.000Z&toTime=2022-08-13T23%3A59%3A59.999Z&layerId=1_TRUE_COLOR&demSource3D=%22MAPZEN%22
https://apps.sentinel-hub.com/eo-browser/?zoom=8&lat=-35.11003&lng=-57.59216&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2022-12-06T00%3A00%3A00.000Z&toTime=2022-12-06T23%3A59%3A59.999Z&layerId=2_FALSE_COLOR&demSource3D=%22MAPZEN%22
https://apps.sentinel-hub.com/eo-browser/?zoom=8&lat=-35.11003&lng=-57.59216&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2022-12-06T00%3A00%3A00.000Z&toTime=2022-12-06T23%3A59%3A59.999Z&layerId=1_TRUE_COLOR&demSource3D=%22MAPZEN%22
https://blogs.agu.org/fromaglaciersperspective/2017/11/15/hps-12-chile-spectacular-13-km-retreat-1985-2017/
https://www.google.com.ar/maps/@-49.6391155,-73.7209366,18243m/data=!3m1!1e3
https://www.meteoblue.com/es/tiempo/historyclimate/climatemodelled/-49.635N-73.663E
https://gisenterritorio.wordpress.com/2016/10/17/cuencas-hidrograficas/
https://www.glims.org/maps/glims

Worldview:
1. Compare images from 1985 and 2021.

o Select the ruler (bottom right) and measure the distance the glacier retreated
in the 2021 image.
o Select the area (bottom right) and measure the melted ice surface.
o They can change year and month to measure melting in other periods.
2. Download the most representative images or generate a video in Worldview with the
analyzed data.

EO Browser (see tools in Fig. 7)
1. Sentinel-2 Image: February 2020 - True Color and False Color
2. Sentinel-2 Image: February 2021 - True Color and False Color
3. Sentinel-2 Image: February 2022 - True Color and Ealse Color

In EO Browser images do the following:

1. See images from different years and analyze changes.

2. Select the NDVI index (on the left of the screen) and then the histogram (on the right
of the screen). Compare the results of the images. If you want to measure a specific
area, you can draw the area and then select the histogram.

1. Do the same for NDMI (Moisture Index), NDWI (to detect water bodies), and
SWIR (to know the water present in vegetation and soil).

2. Check the histogram (on the right of the screen), and open the menu of the
index you are looking at (on the left) to see the reference of the colors.
Analyze the histogram by comparing the values with those in the reference.

3. You can draw an area and do the same analysis for that particular sector.

3. To do the band combination, go to customize (left below) and select composite.

1. Drag the bands to the circles to make the merge to make the RGB
combination: (R) 11, (G) 8, and (B) 4.

2. Compare the sharpness with which you observe the vegetated area for
previous visualizations.

4. Generate an index. It is difficult to differentiate between clouds, snow, and ice.
Indexes have been developed to visualize the different coverages; in this case, they
are of interest (NDGI) Normalized Difference Glacier Index and (NDSII) Normalized
Difference Snow Ice Index. Both indices are used to detect glaciers and monitor their
changes.

1. Go to Customize (left below) and select Index. The formula for placing the
bands appears.

For the NDGI (Normalized Difference Glacier Index), at site A (locate
band B3) and at site B (locate band B4) corresponding to the following
calculation:

NDGI = (GREEN - RED) / (GREEN + RED)
NDGI (Sentinel 2) = (B3 — B4) / (B3 + B4)

b. Then go to the threshold and select a color palette for the image.


https://worldview.earthdata.nasa.gov/?v=-73.88599416904266,-49.72766469132281,-73.45968758315048,-49.528002113120145&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),Landsat_WELD_CorrectedReflectance_Bands743_Global_Annual,Land_Water_Map(opacity=0.6),VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor&lg=false&l1=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(opacity=0.6),HLS_L30_Nadir_BRDF_Adjusted_Reflectance,Land_Water_Map(opacity=0.6),HLS_S30_Nadir_BRDF_Adjusted_Reflectance,VIIRS_NOAA20_CorrectedReflectance_TrueColor(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden)&lg1=false&ca=true&cv=59&t=1985-01-30-T08%3A46%3A06Z&t1=2021-01-30-T08%3A46%3A06Z
https://youtu.be/gYO97uCH3bQ?t=91
https://apps.sentinel-hub.com/eo-browser/?zoom=12&lat=-49.63306&lng=-73.71208&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2020-02-07T00%3A00%3A00.000Z&toTime=2020-02-07T23%3A59%3A59.999Z&layerId=1_TRUE_COLOR&demSource3D=%22MAPZEN%22
https://apps.sentinel-hub.com/eo-browser/?zoom=12&lat=-49.63306&lng=-73.71208&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2021-02-09T00%3A00%3A00.000Z&toTime=2021-02-09T23%3A59%3A59.999Z&layerId=1_TRUE_COLOR&demSource3D=%22MAPZEN%22
https://apps.sentinel-hub.com/eo-browser/?zoom=12&lat=-49.63306&lng=-73.71208&themeId=DEFAULT-THEME&visualizationUrl=https%3A%2F%2Fservices.sentinel-hub.com%2Fogc%2Fwms%2Fbd86bcc0-f318-402b-a145-015f85b9427e&datasetId=S2L2A&fromTime=2022-02-04T00%3A00%3A00.000Z&toTime=2022-02-04T23%3A59%3A59.999Z&layerId=1_TRUE_COLOR&demSource3D=%22MAPZEN%22
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For NDSII (Normalized Difference Snow Ice Index), at site A (locate
band B3) and at site B (locate band B8) corresponding to the following
calculation:

NDSII = (GREEN — NIR) / (GREEN + NIR)
NDSII (Sentinel 2) = (B3 — B8) / (B3 + B8)

c. Then go to the threshold and select a color palette for the image.

d. For both indices, refer to the histogram (on the right of the screen), and open
the menu of the index you are looking at (on the left of the screen) to see the
reference of the colors. Analyze the histogram by comparing the values
with those in the reference.

e. You can draw an area and do the same analysis for that particular sector.

5. Make a presentation comparing the results of the visualizations generated for the
different years analyzed.

What to do and how to do it

- Beginning

Show your students the following videos: a) NASA: Mission to Earth, b) NASA shows two
decades of snow and rain, and c) The electromagnetic spectrum. Introduction.
Brainstorm how satellite technology studies the Earth and monitors its changes.

- Development

1. Ask students to read the introduction to this activity and make a concept map with the
information. (The introduction provides the basic fundamentals of remote sensing
with links to expand the information or clarify aspects if necessary).

2. Divide the class into groups and assign a case to each group for analysis.

a. Look at the current satellite image on Google Maps. What do you see in
that image (forest, desert, crops, cities, roads, rivers, glacial lakes, ice
fields, etc. )?

b. Analyze the rainfall and temperatures of that place.

c. Analyze the event in Worldview and make a video or download the most
representative images.

Note: In WorldView, you can change month and year, bottom left

d. Consult the EO Browser images, and analyze the banding combinations and
indexes. Use the combinations and indexes indicated (if you wish, you can
try different bands and analyze the visualization).

3. Ask your students to give a presentation about the case under discussion. They can
make a story with maps (ArcGIS StoryMaps), a slide show, or a video.

4. Gather all the groups and ask them to explain the cases analyzed.
5. Complete the concept map with the main characteristics of each case analyzed.


https://youtu.be/M0HHZ9vRlpk
https://youtu.be/HVxosovHInw
https://youtu.be/K-up0o96Vhw
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- Closing

Due to the relevance of both events, it is important to develop dissemination materials.
Students can create a story with maps (Story Map), a video, or flyers to post on social
networks summarizing the cases analyzed.

Frequently asked questions
Where do | find satellite images? — Worldview — Google Earth — Google Map

Where do | find information on global environmental conditions and population?
Resource\Watch gathers information from different sources.

Suggested Resources

As an extension of this activity, students can consult satellite images of different dates and
places to explore other sites of interest and even different events. You can use GLOBE
Program protocols to perform manual measurements in your environment or download data
from measurements made by others. It can also perform environmental measurements to
complement research based on satellite imagery.

Websites

— NASA. (2023) Eyes on the Earth. https://eyes.nasa.qov/apps/earth/#/ (satellites that
take images of the Earth)

- USGS (2021) Common Landsat Band Combinations. https://on.doi.gov/3wAKJvd
(Band combinations with Landsat images)

- USGS (2022) What are the best Landsat spectral bands for my research?
https://on.doi.gov/3HEMdLf

— GISGeography (2022) Sentinel 2 Bands and Combinations.
https://gisgeography.com/sentinel-2-bands-combinations/ (Band combinations with
Sentinel images)

Videos:

— NASA Climate Change (2021) How NASA Satellites Help Model the Future of Climate.
Youtube: https://youtu.be/IAUEVUzZIhI

—NASA Climate Change. (2021) NASA: La humedad de la Tierra. Youtube:
https://youtu.be/YPgmdRYrvjU

—NASA Climate Change. (2021) NASA: La Tierra tiene fiebre. Youtube:
https://youtu.be/R5RcCc3qWMY

—NASA Climate Change. (2021) NASA: Las nubes. Youtube:
https://youtu.be/R5YYdEATIvg

—NASA Climate Change. (2021) NASA: Los vientos oceanicos. Youtube:
https://youtu.be/MJSalFYOCsE

—NASA Climate Change. (2021) NASA: Me llamo Aerosol. Youtube:
https://youtu.be/Dr4Dkm1Ud1E

—NASA Climate Change. (2021) NASA: Misién a la Tierra. Youtube:
https://youtu.be/MOHHZ9VRIpk

—NASA Climate Change. (2021) NASA: Problema de gas. Youtube:
https://youtu.be/4ZvAEQLWDTs



https://storymaps.arcgis.com/
https://resourcewatch.org/
https://eyes.nasa.gov/apps/earth/#/
https://on.doi.gov/3wAKJvd
https://on.doi.gov/3HEMdLf
https://gisgeography.com/sentinel-2-bands-combinations/
https://youtu.be/iAUFVUzZIhI
https://youtu.be/YPgmdRYrvjU
https://youtu.be/R5RcCc3qWMY
https://youtu.be/R5YYdEATivg
https://youtu.be/MJSaIFY0CsE
https://youtu.be/Dr4Dkm1Ud1E
https://youtu.be/M0HHZ9vRlpk
https://youtu.be/4ZvAEQLWDTs

—NASA en Espariol (2020) La NASA muestra dos décadas de nieve y lluvia. Youtube:
https://youtu.be/HVxosovHInw

— ScienceAtNASA (2011) Tour of the Electromagnetic Spectrum 3. Microwaves. Youtube:
https://youtu.be/UZeBzTI50mk [Espanol. Traducido por: Antenas y Salud (2015) E/
espectro electromagnético 3. Microondas. Youtube: https://youtu.be/OCxFv_KDdZE ]

— ScienceAtNASA (2011) Tour of the Electromagnetic Spectrum 4. Infrared Waves.
Youtube: https://youtu.be/i8caGm9FmhO [Espanol. Traducido por: Dpto. Electricidad
Electronica (2017) El espectro electromagneético 4. Infrarrojo. Youtube:

https://youtu.be/DgZKWfRRxKw]
— ScienceAtNASA (2011) Tour of the Electromagnetic Spectrum 5. Visible Light Waves.

Youtube: https://youtu.be/PMtC34pzKGc [Espafiol. Traducido por: Dpto Electricidad
Electrénica (2017) El espectro electromagnético 5. Luz visible. Youtube:
https://youtu.be/BVbbkzygf94 ]

— ScienceAtNASA (2011) Tour of the Electromagnetic Spectrum 6. Ultraviolet Waves.
Youtube: https://youtu.be/QW5zeVy8aEQ [Espanol. Traducido por: Eldador (2011) E/
espectro electromagnético 6. Luz ultravioleta. Youtube:
https://youtu.be/IOKEbZgB2l]

— ScienceAtNASA (2011) Tour of the Electromagnetic Spectrum. Introduction 1. Youtube:
https://youtu.be/lwfJPc-rSXw [Espafiol. Traducido por: Antenas y Salud (2015) E/

espectro electromagnético. Introduccion 1. Youtube: https://voutu.be/K-up0096Vhw]

Other Resources:

Tutoriales de: Worldview (video corto, video completo, sitio web, ideas para el aula) EO
Browser (sitio web o video, infografia) , Story Map

Traduccion automatica: Videos, Sitios web
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