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High School Earth and Space Science 

Introduction:  

Orbital space is a valuable natural resource, serving as home to spacecraft that help us understand and address global 
challenges, including potentially dangerous coronal mass ejections (CMEs), climate change, and food security.  Extension 1 
materials related to each of these three issues are presented and are correlated with learning standards and core 
disciplinary ideas. 

Extension 1A - Solar Eruptions and Fermi - is correlated with HS-ESS1-1 (The Universe and its Stars - ESS1.A) and includes 
two videos with related articles from NASA. Students learn how the Fermi Gamma-ray telescope enhances our 
understanding of solar flares and CMEs, which can impact Earth’s climate, electric power transmission, GPS systems, and 
satellite communications. 

Extension 1B - Climate Change and CERES - is correlated with HS-ESS2-2 (Earth Materials and Systems - ESS2.A) and 
includes a video and related article from NASA. Students learn how NASA’s Cloud and Earth’s Radiant Energy System 
instruments onboard the Aqua and other satellites measure reflected sunlight and thermal radiation emitted by Earth and 
help scientists understand how the planet’s heat budget is changing. 

Extension 1C - Hunger from Space - is correlated with HS-ESS3-3 (Human Impacts on Earth Systems - ESS3.C) and includes 
two videos and an article from NASA. Students learn how the International Space Station Agricultural Camera (ISAAC) helps 
farmers and ranchers in the North American Great Plains improve agricultural efficiency. They also learn how observations 
from the Terra satellite’s Moderate Resolution Imaging SpectroRadiometer, or MODIS, inform policymakers around the 
world as they address issues related to food security. 

Unfortunately, our increasing reliance on satellites has led to a growing debris problem and a deteriorating space 
environment.  Extensions 2A, 2B, and 2C include videos and articles that address the subject from a variety of perspectives. 
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Extension 1A: Solar Eruptions and FERMI 
Next Generation Science Standards 
Framework Alignment 

Spacecraft Featured: 
FERMI Gamma-ray Space Telescope 

NASA Main Page for Featured 
Spacecraft: 
Click here for FERMI. 

Disciplinary Core Idea/Sub-Idea:  
ESS1. Earth’s Place in the Universe 
The Universe and its Stars – (ESS1.A) 

 
Credit: 
 NASA 

Fermi is seeing gamma rays from the side 
of the sun we’re facing, but the emission 
is produce by streams of particles blasted 
out of solar flares on the far side of the 
Sun.  These particles must travel some 
300,000 miles within about five minutes 
of the eruption to produce this light. 
 
          -Nicola Omodei, Stanford University 

 

HS-ESS1-1. Develop a model based on 
evidence to illustrate the life span of the 
sun and the role of nuclear fusion in the 
sun’s core to release energy that 
eventually reaches Earth in the form of 
radiation. 

Extension 1A: Solar Eruptions and FERMI – Outer space is a valuable natural resource, serving as home to spacecraft that 
provide essential information and perspective for understanding Earth’s Place in the Universe, Earth’s Systems, and Earth and 
Human Activity. 
 
Instructional Focus: The FERMI Gamma-ray Telescope can observe high energy light from solar eruptions on the far side of the Sun and gives scientists a unique 
tool for understanding solar flares and coronal mass ejections, which can impact electric power transmission and GPS systems. 
 
Two NASA videos, each accompanied by a related article – as well as a website – help students understand and appreciate the nature and importance of FERMI’s role.  
The website of the Space Weather Prediction Center provides additional information about solar flares and CMEs. 
 

 
 
 

https://www.nasa.gov/content/fermi-gamma-ray-space-telescope
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• Video: FERMI Sees Gamma Rays from Far Side Solar Flares – NASA – (2 min.) 
 
FERMI gives solar scientists a unique tool for exploring how charged particles are 
accelerated to nearly the speed of light and move across the sun during solar flares.   

 
Click here for the video. 
 
 
 

(Left: from video – Fermi Sees Gamma Rays from Far Side Solar Flares.) 
 
 
 
 

• Related Article – “NASA’s FERMI Sees Gamma Rays from ‘Hidden’ Solar Flares” 
 
In 2012, FERMI caught the highest-energy emission ever detected from the sun during a powerful X-class flare.  Click here for the article. 

 

• Video: X-Class: A Guide to Solar Flares – NASA - (3 min.) 
 

Flares happen when the powerful magnetic fields in and around the sun reconnect.  They are classified according to their strength.  Click here for the video. 
 

• Related Article – NASA – “Impacts of Strong Solar Flares” 
 

Coronal mass ejections or CMEs propel bursts of particles and electromagnetic fluctuations into Earth’s atmosphere and could blow out transformers in power 
grids.  Click here for the article. 
 

• Website – Space Weather Prediction Center 
 
The Space Weather Prediction Center of the National Oceanic and Atmospheric Administration provides comprehensive information about the impact of solar 
flares and Coronal Mass Ejections on Earth’s climate, electric power transmission, GPS systems, and satellite communications.  Click here for the website. 
 
 

https://www.youtube.com/watch?v=BdTTSylIHYQ
https://www.nasa.gov/feature/goddard/2017/nasas-fermi-sees-gamma-rays-from-hidden-solar-flares
https://www.youtube.com/watch?v=oOXVZo7KikE
https://www.nasa.gov/mission_pages/sunearth/news/flare-impacts.html
http://www.swpc.noaa.gov/impacts
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Extension 2A: The growing problem of space debris requires us to clean up the space environment - utilizing new technologies 
and public advocacy - before it becomes too dangerous to navigate. 
 
Instructional Focus: Students learn about the importance of orbital traffic control with a NASA video about the near collision between Fermi and a defunct Russian 
satellite, as described by Fermi Project Scientist Julie McEnery. 

 
 
One video is recommended for Earth and Space Science – Extension 2A 
(correlated with Extension 1A – “Solar Eruptions and Fermi”): 

• Video: Fermi's Close Call with a Soviet Satellite – NASA – (4 min.) 

From the website: NASA scientists don't often learn that their spacecraft is 
at risk of crashing into another satellite. But when Julie McEnery, the 
project scientist for NASA's Fermi Gamma-ray Space Telescope, checked her 
email on March 29, 2012, she found herself facing this precise situation.  
Click here for the video. 
 

(Left: from video – Fermi’s Close Call with a Soviet Satellite – Julie 

McEnery, Fermi Project Scientist) 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=npVgLM7Zd3M
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Extension 1B: Climate Change and CERES 
Next Generation Science Standards 
Alignment 

Spacecraft Featured: 
NASA’s Clouds and Earth’s Radiant Energy 
System (CERES), onboard the Aqua, Terra, 
Suomi NPP and JPSS-1 

NASA Main Page for Featured 
Spacecraft: 
Click here for CERES. 

 
Disciplinary Core Idea/Sub-Idea:  
ESS2. Earth’s Systems 
Earth Materials and Systems – (ESS2.A) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Credit: NASA 

CERES’ purpose is to measure the 
Earth’s energy balance for a better 
understanding of global climate 
change. 
 
-NASA’s Joint Polar Satellite 
Program 
 
 
 

HS-ESS2-2. Analyze geoscience data to make the 
claim that one change to Earth’s surface can create 
feedbacks that cause changes to other Earth systems. 
 
 

Extension 1B: Climate Change and CERES - Outer space is a valuable natural resource, serving as home to spacecraft that 
provide essential information and perspective for understanding Earth’s Place in the Universe, Earth’s Systems, and Earth and 
Human Activity. 
 

Instructional focus: NASA’s Cloud and Earth’s Radiant Energy System (CERES) instruments are collecting observations on four separate satellite missions— the EOS 
Terra and Aqua observatories, the Suomi National Polar-orbiting Partnership observatory, and the Joint Polar Satellite System—providing measurements 
of reflected sunlight and thermal radiation emitted by Earth that help scientists understand how the planet’s heat budget is changing.   
 
Three resources – a video, a related article from NASA, and a CERES fact sheet - help students better see how outer space is a valuable natural resource, in that it is 
“home” to space vehicles that can promote better understanding of climate change. 
 

• Video: Aqua CERES: Tracking Earth’s Heat Balance – NASA – (3 min.) 
 
Measurements from CERES help scientists understand the links between the Earth’s incoming and outgoing energy and the properties of the atmosphere. 
Click here for the video. 

https://jointmission.gsfc.nasa.gov/ceres.html
https://www.youtube.com/watch?v=uVkfh89iyeU
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• Article – “Satellites Measure Increase of Sun’s Energy Absorbed in the Arctic” - NASA 

From the author: A decline in the Arctic region’s albedo – its reflectivity, in effect – has been a key concern among scientists since the summer Arctic sea ice 
cover began shrinking in recent decades.  Click here for the article. 

• CERES Fact Sheet - Click here for the fact sheet. 
 

Extension 2B: The growing problem of space debris requires us to clean up the space environment - utilizing new 
technologies and public advocacy - before it becomes too dangerous to navigate. 

 
Instructional Focus: Students journey from the outer solar system back to Earth with a video from the European Space Agency that gives them a look at the 
different regions used for space flight, and explains how debris mitigation and removal measures could preserve future usage of these orbits. 

 
One video is recommended for Earth and Space Science – Extension 2B (correlated with Extension 1B – “Climate Change and 
CERES”): 

• Video: Space Debris – A Journey to Earth - European Space Agency - (12 min.) 

From the website: The video takes the audience on a journey from the outer solar system back to our home planet. The 
objects encountered along the way are manmade. Originally designed to explore the universe, these are now a challenge for 
modern space flight. An estimated number of 700,000 objects larger than 1 cm and 170 million objects larger than 1mm are 
expected to reside in Earth orbits. The video gives a closer look at the different regions used for space flight and explains how 
mitigation and removal measures could preserve future usage of these orbits.  

(Above: from video – Space Debris – A Journey to Earth – Defunct spacecraft in Low Earth Orbit)  Click here for the video. 

 

 

https://climate.nasa.gov/news/2208/satellites-measure-increase-of-suns-energy-absorbed-in-the-arctic/
http://www.jpss.noaa.gov/ceres.html
https://www.youtube.com/watch?v=zT7typHkpVg
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Extension 1C: Hunger from Space 

Next Generation Science 
Standards Alignment 

Spacecraft Featured: 
INTERNATIONAL SPACE STATION 
TERRA Satellite/MODIS 

 

NASA Main Pages for Featured Spacecraft: 
Click here for ISS. 
Click here for MODIS. 

 
Disciplinary Core Idea/Sub-Idea: 
ESS3. Earth and Human Activity 
Human Impacts on Earth Systems – 
(ESS3.C) 

Camera launched 
to the ISS on Jan. 

22, 2011 

Credit: 

http://www.fluxdata.com/issac 
 

MODIS aboard Terra Satellite 
 
 

Vegetation density across 
Africa, Sept. 2002 – 
Vegetation index images are 
used to track drought 
conditions threatening 
subsistence agriculture, the 
primary food source for 
populations around the world. 

Credit: NASA/MODIS 

The International Space Station Agricultural Camera (ISSAC) takes 
frequent infrared and visible-light images of the North American 
Great Plains…Farmers and ranchers are able to use the images 
within one or two days of their collection in space, helping them 
make changes to agricultural management decisions, such as 
draining and irrigation planning, fertilizer and pesticide application, 
or livestock forage/grazing plans.  Along with capturing images of a 
significant crop production region of the nation, ISSAC also collects 
imagery of changing environmental processes around the planet, 
from melting glaciers to deforestation, and helps monitor natural 
disasters around the globe. 

                                  -From NASA-ISSAC Website 

MODIS stands for MODerate Resolution Imaging 
SpectroRadiometer.  The MODIS instrument is one board NASA’s 
Earth Observing System (EOS) Terra and Aqua satellites.  The orbit 
of the Terra satellite goes from north to south across the equator in 
the morning and Aqua passes south to north over the equator in the 
afternoon, resulting in global coverage every 1 to 2 days. 

                                  -From NASA-Earth Data Website 

 

HS-ESS3-3. Create a computational 
simulation to illustrate the 
relationships among the management 
of natural resources, the sustainability 
of human populations, and 
biodiversity. 
 

Extension 1C: Hunger from Space - Outer space is a valuable natural resource, serving as home to spacecraft that provide 
essential information and perspective for understanding Earth’s Place in the Universe, Earth’s Systems, and Earth and Human 
Activity. 
Instructional focus: The International Space Station Agricultural Camera (ISSAC) helps farmers and ranchers in the North American Great Plains improve 
agricultural efficiency.  Observations from the Terra satellite’s Moderate Resolution Imaging Spectroradiometer (MODIS) inform policymakers around the world as 
they address issues related to food security. 
 

https://www.nasa.gov/mission_pages/station/main/index.html
https://modis.gsfc.nasa.gov/
http://www.fluxdata.com/issac
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Three resources – two videos and a NASA article - help students better see how outer space is a valuable natural resource, in that it is “home” to space vehicles that 
promote sustainable agriculture and ease human suffering by providing valuable data for boosting food production and predicting worldwide famine.   

 

 
 

(Above: from video – NASA – Farming from Space.  Gary Wagner explains how earth remote sensing data helps increase productivity on his family farm.) 
 

• Video: NASA - Farming from Space (3 min.) 
 
This video provides a local perspective from the town of Crookston, Minnesota, showing how data from the International Space Station is helping Crookston farmers 
grow their crops as efficiently as possible, thus providing a maximum yield.  In Crookston, A.W.G. Farms, Inc. uses images from the International Space Station 
Agricultural Camera (ISSAC) to grow sugar beets, spring wheat, sunflowers, and soybeans.  Led by the University of North Dakota, the Upper Midwest Aerospace 
Consortium operates ISSAC from Earth to help farmers such as Gary Wagner better monitor crop growth, detect diseases threatening crop health, and determine 
differences in plant fertility.  Click here for the video. 
 

 
 

 
 
 
 
 
 
 
 
 

https://www.youtube.com/watch?v=IW0Ay0rmvWk
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• Video: NASA – Science for a Hungry World – The View 
from Space – Part 6 (5 min.) 
 
This video provides a global perspective on the issue of 
famine.  NASA researchers answer questions about how 
climate change will impact agriculture, based on 
information from Terra’s MODIS instrument.   

 
Click here for the video. 
 
 
(Left: from video – Science for a Hungry World – The View 
from Space.  Scientists can manage their agricultural 
systems as climate changes, based on satellite data.) 
 
 
 
 
 

 
 

• Article – “NASA Applied Sciences Projects Improve Famine Predictions Worldwide” 
 

This article describes the role NASA is playing in determining worldwide famine predictions.  (MODIS images are incorporated in the text.)  Earth observations can 
help policy makers better understand hazards leading to food insecurity over time, thus helping them plan more effectively for potential famines.   
 
Click here for the article. 
 
 
 
 
 
 
 
 

https://www.youtube.com/watch?v=hjT__OpDn6E
https://www.nasa.gov/topics/earth/features/famine.html
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Extension 2C: The growing problem of space debris requires us to clean up the space environment - utilizing new 
technologies and public advocacy - before it becomes too dangerous to navigate. 

 
Instructional Focus: Students are challenged to recognize that orbital space is not a limitless resource in a TED talk from Canadian rocket scientist, Natalie Panek. 
 

 
 Video: Let’s Clean Up the Space Junk Orbiting Earth – TED – (10 min.) 
 
From the website: Our lives depend on a world we can't see: the satellite infrastructure we use every day for 
information, entertainment, communication and so much more. But while our orbital environment is 
breathtakingly beautiful and our gateway to exploration, Panek says, the problem of space debris will get 
worse without a significant change to our behavior.  Click here for the video. 

 
(Left: from video – Let’s Clean Up the Space Junk Orbiting Earth – Narrated by Natalie Panek) 

 
 
 
 

 

 

 

https://www.ted.com/talks/natalie_panek_let_s_clean_up_the_space_junk_orbiting_earth

