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➢ 

➢ 

MS-ESS3-4. Construct an argument supported by evidence for how increases in human population and per-
capita consumption of natural resources impact Earth’s systems. [Clarification Statement: Examples of evidence 
include grade-appropriate databases on human populations and the rates of consumption of food and natural 
resources (such as freshwater, mineral, and energy). Examples of impacts can include changes to the 
appearance, composition, and structure of Earth’s systems as well as the rates at which they change. The 
consequences of increases in human populations and consumption of natural resources are described by 
science, but science does not make the decisions for the actions society takes.] 

MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing a human impact on the 
environment.* [Clarification Statement: Examples of the design process include examining human environmental 
impacts, assessing the kinds of solutions that are feasible, and designing and evaluating solutions that could 
reduce that impact. Examples of human impacts can include water usage (such as the withdrawal of water from 
streams and aquifers or the construction of dams and levees), land usage (such as urban development, 
agriculture, or the removal of wetlands), and pollution (such as of the air, water, or land).] 
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Focus SEP: Developing and Using Models 
Modeling in 6–8 builds on K–5 experiences and progresses to developing, using, and revising models to describe, 
test, and predict more abstract phenomena and design systems.  

• Develop or modify a model—based on evidence – to match what happens if a variable or 
component of a system is changed.  

• Use and/or develop a model of simple systems with uncertain and less predictable factors.  

• Develop and/or use a model to predict and/or describe phenomena.  
 
Background SEP: Obtaining, evaluating, and communicating information 
Obtaining, evaluating, and communicating information in 6–8 builds on K–5 experiences and progresses to 
evaluating the merit and validity of ideas and methods. 

• Integrate qualitative and/or quantitative scientific and/or technical information in written text with that 
contained in media and visual displays to clarify claims and findings. 

• Communicate scientific and/or technical information (e.g. about a proposed object, tool, process, system) 
in writing and/or through oral presentations. 

 

Focus DCI: ESS 3.C: Human Impacts on Earth Systems 
Typically as human populations and per-capita consumption of natural resources increase, so do the negative 
impacts on Earth unless the activities and technologies involved are engineered otherwise.  
 
Background DCI: ESS 2.D: Weather and Climate  
Weather and climate are influenced by interactions involving sunlight, the ocean, the atmosphere, ice, landforms, 
and living things. These interactions vary with latitude, altitude, and local and regional geography, all of which can 
affect oceanic and atmospheric flow patterns. 

Focus CCC: Patterns – Observed patterns in nature guide organization and classification and prompt questions 
about relationships and causes underlying them.  

• Patterns in rates of change and other numerical relationships can provide information about natural and 
human designed systems.  

• Graphs, charts, and images can be used to identify patterns in data.  
 
Background CCC: Systems and System Models – A system is an organized group of related objects or 
components; models can be used for understanding and predicting the behavior of systems.  

• Models can be used to represent systems and their interactions—such as inputs, processes and 
outputs—and energy, matter, and information flows within systems.  



 

5 

5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to protect the 
Earth’s resources and environment. 

Focus SEP: Developing and Using Models 
Modeling in 3–5 builds on K–2 experiences and progresses to building and revising simple models and using 
models to represent events and design solutions.  

• Develop and/or use models to describe and/or predict phenomena.  
 
Background SEP: Obtaining, evaluating, and communicating information 
Obtaining, evaluating, and communicating information in 3–5 builds on K–2 experiences and progresses to 
evaluating the merit and accuracy of ideas and methods.  

• Read and comprehend grade-appropriate complex texts and/or other reliable media to summarize and 
obtain scientific and technical ideas and describe how they are supported by evidence.  

• Compare and/or combine across complex texts and/or other reliable media to support the engagement in 
other scientific and/or engineering practices.  

• Combine information in written text with that contained in corresponding tables, diagrams, and/or charts 
to support the engagement in other scientific and/or engineering practices.  

• Obtain and combine information from books and/or other reliable media to explain phenomena or 
solutions to a design problem.  

• Communicate scientific and/or technical information orally and/or in written formats, including various 
forms of media as well as tables, diagrams, and charts 
 

Focus DCI: ESS3.C: Human Impacts on Earth Systems  
Human activities in agriculture, industry, and everyday life have had major effects on the land, vegetation, 
streams, ocean, air, and even outer space. But individuals and communities are doing things to help protect 
Earth’s resources and environments. (5-ESS3-1) 
 
 
ESS 2.A: Earth Materials and Systems  
Earth’s major systems are the geosphere (solid and molten rock, soil, and sediments), the hydrosphere (water 
and ice), the atmosphere (air), and the biosphere (living things, including humans). These systems interact in 
multiple ways to affect Earth’s surface materials and processes. The ocean supports a variety of ecosystems and 
organisms, shapes landforms, and influences climate. Winds and clouds in the atmosphere interact with the 
landforms to determine patterns of weather. 

Focus CCC: Patterns – Observed patterns in nature guide organization and classification and prompt questions 
about relationships and causes underlying them.  

• Similarities and differences in patterns can be used to sort, classify, communicate and analyze simple 
rates of change for natural phenomena and designed products.  

• Patterns of change can be used to make predictions.  

• Patterns can be used as evidence to support an explanation.  
 
Background CCC: Systems and System Models – A system is an organized group of related objects or 
components; models can be used for understanding and predicting the behavior of systems.  

• A system can be described in terms of its components and their interactions.  
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5.1 (e) 
 

Developing and using models. The student will… 

• develop models using an analogy, example, or abstract representation to describe 
a scientific principle or design solution 

• identify limitations of models 
 

6.1 (e) Developing and using models. The student will… 

• use, develop, and revise models to predict and explain phenomena 

• evaluate limitations of models 
 

6th Grade 
6.9 

6.9 The student will investigate and understand that humans impact the environment and 
individuals can influence public policy decisions related to energy and the environment. Key 
ideas include  

c) major health and safety issues are associated with air and water quality  
 

6th Grade 
6.7 

6.7 The student will investigate and understand that air has properties and that Earth’s 
atmosphere has structure and is dynamic. Key ideas include  
a) air is a mixture of gaseous elements and compounds;  
b) the atmosphere has physical characteristics;  
e) atmospheric measures are used to predict weather conditions; and  
f) weather maps give basic information about fronts, systems, and weather measurements. 
 

Earth Science 
ES.11 
 

ES.11 The student will investigate and understand that the atmosphere is a complex, 
dynamic system and is subject to long-and short-term variations. Key ideas include  
b) biologic and geologic interactions over long and short time spans change the 
atmospheric composition;  
c) natural events and human actions may stress atmospheric regulation mechanisms; and  
d) human actions, including economic and policy decisions, affect the atmosphere. 
 

Earth Science 
ES.12 
 
 

ES.12 The student will investigate and understand that Earth’s weather and climate are the 
result of the interaction of the sun’s energy with the atmosphere, oceans, and the land. Key 
ideas include  
b) weather patterns can be predicted based on changes in current conditions;  
d) models based on current conditions are used to predict weather phenomena  
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RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking 
measurements, or performing technical tasks. 

RST.6-8.4 Determine the meaning of symbols, key terms, and other domain-specific words and 
phrases as they are used in a specific scientific or technical context relevant to grades 6-8 
texts and topics. 
 

RST.6-8.7 Integrate quantitative or technical information expressed in words in a text with a version of 
that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table). 
 

SL.8.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and 
teacher-led) with diverse partners on grade 8 topics, texts, and issues, building on others' 
ideas and expressing their own clearly. 
 

6.RP.A.1 Understand the concept of a ratio and use ratio language to describe a ratio relationship 
between two quantities. 
 

6.RP.A.3 Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by 
reasoning about tables of equivalent ratios, tape diagrams, double number line diagrams, or 
equations. 
 

7.RP.A.3 Use proportional relationships to solve multistep ratio and percent problems. Examples: 
simple interest, tax, markups and markdowns, gratuities and commissions, fees, percent 
increase and decrease, percent error. 
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https://cfpub.epa.gov/roe/indicator_pdf.cfm?i=8


 

13 

• 

• 

• 

• 

• 

 

https://www.airnow.gov/aqi/aqi-basics/
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https://www.epa.gov/sites/production/files/2015-08/documents/peg.pdf
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https://commons.wikimedia.org/wiki/File:Fanhe_Town_10_day_interval_contrast.png
https://commons.wikimedia.org/wiki/File:Fanhe_Town_10_day_interval_contrast.png
https://commons.wikimedia.org/wiki/File:Fanhe_Town_10_day_interval_contrast.png
http://darkroom.baltimoresun.com/2017/04/from-the-vault-air-pollution-baltimore/#1
http://darkroom.baltimoresun.com/2017/04/from-the-vault-air-pollution-baltimore/#1
http://darkroom.baltimoresun.com/2017/04/from-the-vault-air-pollution-baltimore/#1
http://darkroom.baltimoresun.com/2017/04/from-the-vault-air-pollution-baltimore/#1
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://www.washingtonpost.com/lifestyle/kidspost/good-day-to-play-outside-learn-about-air-pollution-to-find-out/2015/08/03/3708e168-30a5-11e5-97ae-30a30cca95d7_story.html
https://commons.wikimedia.org/wiki/File:Fanhe_Town_10_day_interval_contrast.png
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https://tinyurl.com/DCCodeRed
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http://ffden-2.phys.uaf.edu/212_spring2007.web.dir/Amber_Smith/Effects_of_Inversions.htm
http://ffden-2.phys.uaf.edu/212_spring2007.web.dir/Amber_Smith/Effects_of_Inversions.htm
http://weatherwhizkids.com/
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https://www.youtube.com/watch?v=-v4JDPN8wec
https://www.wunderground.com/history/daily/us/dc/KDCA/date/2018-7-9
https://www.wunderground.com/history/daily/us/dc/KDCA/date/2018-7-9
https://www.wunderground.com/history/daily/us/dc/KDCA/date/2018-7-9
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https://www.youtube.com/watch?v=-v4JDPN8wec
https://www.youtube.com/watch?v=-v4JDPN8wec
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http://www.iqair.com/earth
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http://www.iqair.com/air-quality-map
http://www.iqair.com/air-quality-map
http://www.waqi.info/
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https://www.carbonbrief.org/mapped-worlds-coal-power-plants
https://www.carbonbrief.org/mapped-worlds-coal-power-plants
https://sedac.ciesin.columbia.edu/data/set/gpw-v4-population-density-rev11/maps
https://sedac.ciesin.columbia.edu/data/set/gpw-v4-population-density-rev11/maps
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Criteria Pollutants

Gases

Ground-
Level 

Ozone

O3

Sulfur 
Dioxide

SO2

Nitrogen 
Dixide

NO2

Carbon 
Monoxide

CO

Liquids

Particulate 
Matter 
PM10 & 
PM2.5

Solids

Particulate 
Matter 
PM10 & 
PM2.5

Lead

Air 
Toxics

All 
Phases

Toxic 
Chemicals



 

 



 

 



 

 



 

 



 

 

 

 

 



 

Power 
Plant 

 
Air Pollutants 

Sulfur Dioxide (SO2) 
Nitrogen Dioxide (NO2) 

Ground-Level Ozone (O3) 
Particulate Matter (PM) 



 

 

 
Transportation  

 
Air Pollutants 

Nitrogen Dioxide (NO2) 
Carbon Monoxide (CO) 

Ground-Level Ozone (O3) 
Particulate Matter (PM)

 

https://www.goodfreephotos.com/albums/vector-images/black-car-vector.png
https://www.pngkey.com/png/full/120-1205065_clipart-statek-clipart.png
https://www.goodfreephotos.com/albums/vector-images/truck-vector-clipart.png


 

 
Manufacturing 

 
Air Pollutants 

Sulfur Dioxide (SO2) 
Ground-Level Ozone (O3) 
Particulate Matter (PM) 

Lead 

https://publicdomainvectors.org/photos/cybergedeon_skyline_industry.png


 

 

Natural Sources 
 

Air Pollutants 
Particulate Matter 
Nitrogen Dioxide 

https://freesvg.org/img/forest-fire-pdv.png
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https://www.mwcog.org/newsroom/2018/07/10/regions-air-quality-reached-unhealthy-code-red-levels-on-monday/
https://www.mwcog.org/newsroom/2018/07/10/regions-air-quality-reached-unhealthy-code-red-levels-on-monday/
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https://www.mwcog.org/newsroom/2018/07/10/regions-air-quality-reached-unhealthy-code-red-levels-on-monday/
https://www.mwcog.org/newsroom/2018/07/10/regions-air-quality-reached-unhealthy-code-red-levels-on-monday/
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http://www.youtube.com/watch?v=THYoUULn_2U
https://www.epa.gov/ground-level-ozone-pollution/ground-level-ozone-basics
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https://www.cleanairpartners.net/current-and-forecasted-air-quality
https://www.cleanairpartners.net/current-and-forecasted-air-quality
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http://www.waqi.info/
https://www.cleanairpartners.net/historical-air-quality
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Source: Adapted from Air Quality Index (Clean Air Partners) https://www.cleanairpartners.net/aqi 
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https://www.cleanairpartners.net/aqi


 

 

 

 



 

 
 

Source: Adapted from Air Quality Index (Clean Air Partners) https://www.cleanairpartners.net/aqi

https://www.cleanairpartners.net/aqi
https://www.cleanairpartners.net/aqi
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https://gispub.epa.gov/airnow/index.html?tab=3
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https://www.epa.gov/
air-trends 

https://www.epa.gov/air-trends
https://www.epa.gov/air-trends
https://www.youtube.com/watch?v=aa-m8a-jZ0k
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https://www.epa.gov/air-trends/air-quality-trends-how-interpret-graphs
https://www.epa.gov/air-trends/air-quality-trends-how-interpret-graphs
https://www.epa.gov/air-trends/air-quality-trends-how-interpret-graphs
https://www.epa.gov/air-trends/air-quality-trends-how-interpret-graphs
https://www.epa.gov/air-trends/air-quality-trends-how-interpret-graphs
https://www.epa.gov/air-trends
https://www.epa.gov/air-trends
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https://www.youtube.com/watch?v=yk8NN4nNgs4
https://www.youtube.com/watch?v=8s5kRxFwssw
https://www.youtube.com/watch?v=8s5kRxFwssw
https://www.youtube.com/watch?v=8s5kRxFwssw
https://www.youtube.com/watch?v=hBAFjjwcn3g
https://www.youtube.com/watch?v=hBAFjjwcn3g
https://www.youtube.com/watch?v=hBAFjjwcn3g
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Source: US EPA 

https://gispub.epa.gov/air/trendsreport/2018/#growth_w_cleaner_air
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https://www.iqair.com/air-quality-map
http://eeinwisconsin.org/Files/eewi/2020/Air,Air,EverywhereActivity5CleanAir-HowFarWeveCome.pdf
http://eeinwisconsin.org/Files/eewi/2020/Air,Air,EverywhereActivity5CleanAir-HowFarWeveCome.pdf


 

  

 



 

https://www.epa.gov/air-trends/ozone-trends 

https://www.epa.gov/air-trends/ozone-trends


 

https://www.epa.gov/air-trends/carbon-monoxide-trends 

https://www.epa.gov/air-trends/carbon-monoxide-trends


 

https://www.epa.gov/air-trends/nitrogen-dioxide-trends 

 
  

https://www.epa.gov/air-trends/nitrogen-dioxide-trends


 

https://www.epa.gov/air-trends/sulfur-dioxide-trends 

 

 

https://www.epa.gov/air-trends/sulfur-dioxide-trends


 

https://www.epa.gov/air-trends/particulate-matter-pm25-trends 

 

https://www.epa.gov/air-trends/particulate-matter-pm25-trends


 

https://www.epa.gov/air-trends/lead-trends

 

https://www.epa.gov/air-trends/lead-trends
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1,000,000
>

100

1,000,000,000
>

75

1,000,000,000
=

75

1,000,000,000

10,000 𝑙𝑖𝑡𝑒𝑟𝑠 𝑜𝑓 𝑎𝑖𝑟

𝑑𝑎𝑦
×

75 𝑙𝑖𝑡𝑒𝑟𝑠 𝑜𝑓 𝑜𝑧𝑜𝑛𝑒

1,000,000,000 𝑙𝑖𝑡𝑒𝑟𝑠 𝑜𝑓 𝑎𝑖𝑟
×

365 𝑑𝑎𝑦𝑠

𝑦𝑒𝑎𝑟
=

0.27 𝑙𝑖𝑡𝑒𝑟𝑠 𝑜𝑓 𝑜𝑧𝑜𝑛𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟
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http://www.smogcity2.org/download.cfm
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http://www.smogcity2.org/


 

96 
 

• 

o 

o 

o 

o 

• 

• 

 

✓

https://www.wunderground.com/history/daily/us/dc/KDCA/date/2018-7-9
https://www.wunderground.com/history/daily/us/dc/KDCA/date/2018-7-9
https://www.wunderground.com/history/daily/us/dc/KDCA/date/2018-7-9
https://www.cleanairpartners.net/current-and-forecasted-air-quality
https://www.cleanairpartners.net/current-and-forecasted-air-quality


 

 

Adapted from Save Smog City 2 From Ozone 

 

 

 

 

 

 

 

https://www3.epa.gov/airnow/teachers/ozone-lesson-teacher.pdf
http://www.smogcity2.org/
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http://airquality.weather.gov/
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https://www.airnow.gov/aqi/aqi-calculator-concentration/
https://www.weather.gov/
https://www.weather.gov/
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http://www.windfinder.com/
http://www.airnow.gov/


 

106 

 

✓



 

 

• 

• 

• 

• 

 

 

 

 

 

 

 

 

 

 

 

• 

• 

• 

• 

• 

 

http://airquality.weather.gov/
https://www.airnow.gov/aqi/aqi-calculator-concentration/
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http://www.windfinder.com/
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https://www.cleanairpartners.net/current-and-forecasted-air-quality
https://www.cleanairpartners.net/current-and-forecasted-air-quality
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https://www.ontheair.cleanairpartners.net/rubrics-feedback
https://www.ontheair.cleanairpartners.net/rubrics-feedback
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https://www.earthsciweek.org/classroom-activities/plant-ozone-monitoring-
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https://www.earthsciweek.org/classroom-activities/plant-ozone-monitoring-garden
https://www.earthsciweek.org/classroom-activities/plant-ozone-monitoring-garden


 

 

 

 

https://linkprotect.cudasvc.com/url?a=http%3a%2f%2fnbcwashington.com%2f&c=E,1,JMZCtoJT4HY85oA1VgJlYU5G36PBBAV86rgtM1t6EWRCbzktmj2DwEIDfMieYMmW7u2yKrA-D3ZkEvnExIVt6V_L90wC7Kd07Kkjzz6Ea-2G&typo=1
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