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Atmosphere Temperature 
15: Life on Land 

14: Life below Water 

13: Climate Action 

Cognitive Biosphere Biometry 

Land Cover 
Classification 

Overview  

The energy that drives ecosystems comes from the sun. It encompasses a range of 
electromagnetic waves from shorter to high-frequency ones,  such as gamma rays,  to longer 
and lower-frequency waves,  such as the radio ones. An important part of this electromagnetic 
spectrum that comes from the sun is the light waves. Visible light makes it possible for us to 
see and for plants to use photosynthesize to make food. Through simple activities, students 
will understand how solar energy reaches the Earth and analyze the electromagnetic spectrum 
as a source for satellite imagery. 

Time 
 

From 50 to 100 minutes depending on the experiments that are selected 
 

Prerequisites 
 

To know the basic elements of energy  
 

School level 
 

Secondary 
 

Purpose 
 

Students will understand what the electromagnetic spectrum consists of and will perform some 
simple experiments to recognize the reflection of light, as well as the processes that allow color 
vision and the generation of heat. 

Student Outcomes 

• Students will observe the visible light waves of the electromagnetic spectrum 
 

• Students will demonstrate the processes of light reflection and absorption, as well as the 
effect of color on heat generation 

 

• Students will explain the effect of light on different types of land cover 
 

• Students will develop an experiment to observe the effect of color on plant growth 
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GLOBE Protocols 

Applicable to all spheres: 15: Life on Land 14: Life 
below Water 13: Climate Action 

Applicable to all spheres: 
Cognitive 



 

 
 

 

Background  

Solar radiation reaching the Earth's surface has three main components: visible light (45%), 
shorter wavelength ultraviolet radiation - UV (10%), and longer wavelength infrared radiation 
(45%). Radiation is attenuated as it passes through the  atmosphere layer surrounding the 
Earth. For example, UV radiation decreases in the ozone layer, while visible radiation is 
attenuated to a lesser degree as it passes through clouds and water (Odum & Warret, 2006; 
Audesirk, 2013). Infrared radiation, which emits heat, is absorbed and reflected back to the 
Earth's surface by greenhouse gases.  Figure 1 presents the spectrum of electromagnetic 
radiation. Of all these wavelengths, the human eye perceives only a fraction between 360 and 
760 nanometres, which corresponds to the visible spectrum (Mazparrote et al., 2020). 

 

Figure 1: Electromagnetic spectrum 
Source: NASA 

Of the visible light spectrum, vegetation strongly absorbs blue and red light waves, as well as 
far infrared waves. However, plants do not have much affinity for green and near infrared, so 
the latter two waves are reflected and allow us to see green vegetation (Odum & Warret, 2006). 
On the other hand, a white surface reflects equal amounts of radiation from all wavelengths of 
visible light, similar to what happens with Newton's disk experiment. 

Colors are also related to temperature. For example, white reflects 100% of radiation and 
absorbs 0% heat, while black reflects 0% radiation and absorbs 100% heat. Water also 
absorbs visible radiation along a depth gradient. For this reason, the deeper a water source is, 
the darker the surface looks. 
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In conclusion, it can be said that electromagnetic radiation from a surface is either a reflection 
(reflected light) or an emission (radiation emitted from the same surface) of light. The reflected 
light can only be measured during the day, while the emission can be measured at any time. 
Different types of surfaces, such as water, bare ground or vegetation, reflect radiation 
differently. This is a property utilized by remote sensing to obtain information about the Earth's 
surface from satellites. The reflected radiation as a function of the wavelength is called the 
spectral signature of the surface.  The capability of satellites to distinguish among various 
spectral signatures is vital for their use in mapping, where the distinction among the different 
types of surface covering the Earth is essential (Brown & Harder, 2016) 

Guiding Research Questions 
 

● How does color affect plants? 
● Which color absorbs the most heat? 
● How do satellite images use colors? 
● How can the way in which the light is reflected be verified? 

 

Scientific Concepts 
 

● Electromagnetic spectrum 
● Light reflection 
● Light absorption 
● Remote detection 

 

Materials and Tools 
 

● Water 
● Plastic bags or coloured cellophane paper 
● Cardboard  
● A stopwatch 
● A mirror 
● White, black, green, red,  yellow, blue balloons 
● 2 white sheets of paper 
● A flashlight 
● A magnifying glass 
● Candle wick or thread  
● Pens or indelible markers 
● Acrylic paint 
● 1 water thermometer 
● Scissors 
● A tub or small container 
● Colored painted glasses: white, green, red, black, blue, yellow, black 
● What to Do and How to Do it 

 
● Beginning 

 

• Teachers present a color palette and students choose the color they like best. 
 

• Each student communicates to his/her classmates what his/her favorite color is, 
associating it with elements observed in the environment. For example: "my favorite 
color is blue as in the color of the sky and the sea" , "my favorite color is green as the 
color of the leaves". 
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• Then, students are then given an explanation of the electromagnetic spectrum and 
decide which of the experiments presented in the following paragraphs they want to 
perform. 
 

● Development  
 

a. Reflection of Solar Radiation: 

 

• A tub of water is placed in an open space, preferably on a sunny day, and then a mirror 
is placed inside, as shown in Figure 2. The sun will reflect off the mirror and then project 
the light onto a sheet of paper, which the students place in front of the mirror. Students 
should then write down or draw the colors they see on the sheet of paper. This way the 
students will be able to see how the light is reflected with a spectrum of colors. 

 

               Figure 2: Experiment to observe the reflection and decay of light. 
Source: Barrientos and Martinez, 2011 

 

• Next, a mirror is placed in the container with water as in Figure 2, only this time the 
mirror needs to be covered with a colored transparent surface, such as cellophane 
paper, or a painted  plastic bag with colored markers. If there is no sunlight,  the 
students can use their cell phone flashlight as a source of light energy. Then students 
observe the color reflected in the mirror and make notes. The students change the color 
of the paper covering the mirror to see the effect of this change in light reflection.  
 

• Then, it will be interesting to combine the colors of the electromagnetic spectrum of 
light to obtain white light. For this purpose,  a simple version of Newton's Disk will be 
used (Figure 3). Newton's Disk consists of a circle painted with the colors of the rainbow 
in sections. This circle is spun at high speed so that the colors are visually combined, 
with the white light being observed at the end. This experiment helps to understand 
that white light reflects all colors.  

 

Figure 3: Newton's Disc  
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b. Color and Heat  
 

• The way the electromagnetic spectrum is reflected and absorbed is important not only 
because it gives us a range of colors on our planet, but also because there is an effect 
of colors on temperature. Here are two simple experiments on this effect. 
 

• The students place different colored plastic cups with water in the sun. After 40 minutes 
of exposure, they measure the water temperature in each cup, record the data and 
discuss the effect of color on the water temperature. They can also use the same 
material and color of cups, paint the water with different colored baking dyes for each 
cup, and see the same effect of color on the water temperature. 
 

• On a sunny day, students blow up colored balloons (white, black, green, yellow, blue 
and red) and point a magnifying glass at them. With the help of a stopwatch, they count 
the seconds it takes to pop each balloon (Figure 4). 

 

Figure 4: Color and Heat experiment  

c. Light and Satellite Imagery 
 

• Figure 5 shows a satellite image. Although it is in black and white, it can be seen that 
there are surfaces of the terrain that absorb all the light, and therefore appear dark, and 
other lighter surfaces that reflect the light. Dark surfaces are usually associated with 
water, while bare ground, rocks or buildings reflect light to a greater extent.  The 
teachers show this image to students and ask them to differentiate surfaces that have 
water (the darker, the better). The more bare or built-up the ground, the lighter the 
surface will appear.  

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Satellite image of Junín National Reserve 
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• It is important to mention that satellite images are taken with sensors (cameras) that 
capture different wavelengths that are reflected by the Earth's surface, so the 
superposition of these images allows to see a color image as shown in Figure 6. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: True-color satellite image of the Junín National Reserve - Peru. In the center 
and occupying most of the area, Lake Junín. 

 

• Using a color identifier on their cell phone such as Color Grab (https://bit.ly/3eDF7ux) , 
students can point their phones at any surface and collect data on the colors around 
them. This application identifies colors based on HSV values (Hue, Saturation, and 
Value). These values are the result of the transmission, absorption, and reflection of 
light that sensors, such as the human eye, perceive. The hue recognizes the dominant 
wavelength, the saturation defines how pure or intense the dominant wavelength is, 
and the value refers to the lightness or darkness of a color. The Color Detector 
application (https://bit.ly/3xgBm4C) , in addition to recognizing color by HSV 
composition, provides values for the RGB one (red, green and blue), which are primary 
colors from the combination of which the rest of the so-called secondary colors are 
obtained (Figure 7). 
 

 

 

 

 

 

 

 

 

Figure 7: Image of the Color Grab application (left) showing the HSV percentage for each color 
and the Color Detector application (right) showing the RGB composition. 

 

52

https://bit.ly/3eDF7ux
https://play.google.com/store/apps/details?id=com.camera.color.picker.detection.photos.selector.art&hl=en_US


 

 
 

 
d. The effect of Color on Plants: 

 

• Using the principles of the scientific method, the students try to answer the suggested 
question: How does color affect plant growth? To do this, they can do a germination 
experiment with seeds at hand, taking into account the following suggestions: 

 

• To test that the seeds contain embryo and therefore will germinate; it is very 
important to soak the seeds in water and discard those that float. Only those 
that sink should be sown. 

• In small trays the seeds are placed on soil, paper towel or cotton wool with 
water.  

• The important thing is then to place cellophane or translucent colored paper 
(red, green, transparent and blue) over the trays of the germinated seeds, 
arranged like a roof. 

• To evaluate the growth of the small plants with a ruler for one week after 
germination and analyze the effect of colors on the growth. 

• Remember that it is important that all the trays are in about the same place in 
the house and that there should be three repetitions per color.  

● Closing  
 

• When doing the suggested activities, teachers ask students to write down everything 
they have learned through their experiments on a sheet of paper. 
 

• All such sheets of paper will be placed in a container that will be called the chest of 
knowledge. 
 

• Once the students have placed all their sheets of paper in the chest, their teachers will 
read some of them in class to reinforce learning and to recognize what has amazed 
students the most about the experiments performed 

 

Frequently Asked Questions 

That's a lot of experiments, do we have to do them all? 
Of course not, we just want to give you some ideas so that you can choose some that will help 
your students better understand how light is composed and its importance for living things and 
for the satellite imagery generation.  
 

What seeds can we use for the germination experiment? 
You can try any seeds you have at home. However, it might be interesting to try flaxseed, 
lentils, wheat, corn, or radishes. 
 

What if I can't find balloons in the colors you ask for, can we try other colors? 
Of course, the important thing is that they are different colors.  
 

Suggested Resources  

● Explanation of the electromagnetic spectrum: https://bit.ly/3qszKRJ 
● Worldview: EOSDIS Worldview (nasa.gov)  
● Introduction to the electromagnetic spectrum. NASA: https://go.nasa.gov/3xfZ0hT  
● Newton's Disk: https://bit.ly/3qsBDxI  
● Light reflection experiments: https://bit.ly/3eKIkbT  
● Preparation of a germination: https://bit.ly/3REmiG2  
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