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Today (All events in this room) 

 

• 8:00 am – 9:00 am - How Weird Can It Get?  Developing Weather 

and Climate Literacy 

• 9:30  – 10:30 - Earth Science Rocks! Using Earth Science Activities 

to Engage Students as Scientists 

• 12:30 pm  – 1:30 pm - Harnessing the Power of Earth System 

Science for Developing Science Practices and Crosscutting 

Concepts 

• 2:00 – 3:00 – Using Data in the Earth and Space Science Classroom 

to Engage Students as Real Scientists 

• 3:30 – 4:30  - NESTA Rock and Mineral Raffle 

Session evaluations are available at 

http://www.nsta.org/conferences/evaluations 

http://www.nsta.org/conferences/evaluations/
http://www.nsta.org/conferences/evaluations/


Overview 

• NGSS Relevance 

• Brief introduction to 

Earth System 

Science (ESS) 

• “Black Carbon” 

• “Rising Seas” 

•  Wrap-up 



NGSS and Earth and Space Science 

• The NGSS places significant emphasis on Earth 

and space science from a systems perspective 

– ESS is particularly well-suited for demonstrating 

cross-cutting concepts, in addition to science and 

engineering practices  

• Some associated disciplinary core ideas 

– MS/HS-LS2 – Ecosystems: Interactions, Energy and 

Dynamics 

– MS/HS-ESS2 – Earth’s Systems 

– MS/HS-ESS3 – Earth and Human Activity 

 

 

 



Examples of NGSS Relevance 

• NGSS PE MS-ESS3.5: Ask questions to clarify evidence of the 

factors that have caused the rise in global temperatures over the 

past century. 

• NGSS PE HS-ESS3.1: Construct an explanation based on 

evidence for how the availability of natural resources, occurrence 

of natural hazards, and changes in climate have influenced 

human activity. 

• NGSS PE 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. 

• Science and Engineering Practices: Analyzing and Interpreting 

Data; Using Mathematics and Computational Thinking; 

Constructing Explanations 

• Crosscutting Concepts: Cause and Effect; Systems and 

System Models; Stability and Change 



“When we try to 

pick out 

anything by 

itself, we find it 

hitched to 

everything else 

in the universe.”  

John Muir 
“My First Summer in the Sierra” 

1911 



What is Earth System Science? 

• John Muir was right! 

– In the 1980s and 90s, geoscientists realized that 

studying the different parts of the Earth separately 

didn’t work 

– you can’t really understand what is going on without 

looking at the whole system 

• Earth System Science focuses on interactions 

among the different parts of the Earth system 

– Processes and cycles 

– Events 



What is the Earth System? 

• The atmosphere (Air) extends 

up from the Earth surface for 

several hundred kilometers.  

• The biosphere (Life) is all living 

things, from single-celled 

bacteria to plants and animals. 

• The geosphere (Land) includes 

all minerals, rocks, molten rock, 

sediments, and soils 

• The hydrosphere (Water) 

includes the ocean, rivers, lakes, 

streams, groundwater, water 

vapor, ice, snow, glaciers, and 

sea ice. (“cryopsphere”) 



It all 

starts at 

the Sun! 



Energy from 

the Sun is the 

ultimate 

source of 

almost all 

energy in the 

Earth system! 



“Black Carbon: A Dusty Situation” 

Lesson Summary: Students investigate the climate effects 

of increasing amounts of black carbon on the absorption 

of solar radiation on the Earth's surface. 

 



What’s Happening? 



Black Carbon: A Dusty Situation 

Lab Question: How does an increase in 

black carbon impact surface warming?  

10% coverage 50% coverage 80% coverage 



Black Carbon: A Dusty Situation 



“Rising Seas” Activity 

In this activity, students will: 

• analyze sea level data to identify the rate of 

sea level rise,  

• make projections of sea level rise into the 

future, and  

• interpret the impact of projected sea level 

rise on communities 
• NGSS Performance Expectation HS ESS3-1 (see below) in the 

context of changes in sea level and impacts on populations 
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Key points 

• Global mean sea level (GMSL) – average 

global sea level corrected for vertical land 

motions and short and long term variability 

• Tidal gauge measurements from global 

network  

• Satellite altimetry 

• Sea level is affected by several factors, 

including vertical land motion (subsidence, 

glacial rebound, tectonic motions) and 

change of the ocean level itself 



Short to long term variability in 

local sea level 
• Waves, tides 

• Floods 

• Seasonal weather patterns 

• Atmosphere-ocean oscillations (like 

ENSO, PDO, etc.) 



GMSL 

Affected by: 

• Thermal expansion of the ocean water 

• Addition of water from land based sources 

(glaciers, ice sheets) 

– Melting sea ice does not increase sea level 

 

GMSL anomaly – the difference between 

the GMSL at a given time and a reference 

GMSL (ie, the amount of change from a 

reference global mean sea level) 



Figure 1 - Global mean sea level anomalies (in mm) 

determined from tidal gauge measurements by several 

authors, relative to the five-year average from 1900 - 

1905. 

 



Figure 2 - Global mean sea level anomaly (in mm) from 

1993 - 2010 based on tidal gauge and satellite altimetry 

data, with seasonal variations removed and smoothed 

with a 60-day running mean. 

 



Ocracoke, 

population 688 

(June 2007) 

Hatteras Island, 

population 4001 

(2000 Census) 

Cape Hatteras 

Ocracoke Island 

Figure 3 - 

Elevations in 

meters of 

islands in the 

Outer Banks of 

North Carolina 

from James G. 

Titus and Jue 

Wang, 2008. 
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Results 

4. ~1.7 + .1 mm/yr from 1900 to 2000 

7. ~2.9 + .1 mm/yr from 1993 to 2012 

8. 2.9
mm

yr
 × 38 yrs = 110.2 mm by 2050  

    255.2 mm by 2100 

10.  165 mm by 2050, 310 mm by 2100 



Edward Teach, aka Blackbeard! 



Capture of the Pirate, Blackbeard, 1718, Jean Leon Gerome Ferris, 

painted in 1920 



Melting Ice Sheets 

• These results do not account for the 

possible melting of large ice sheets 

(Greenland, West Antarctic) 

• West Antarctic – “Past the point of no 

return” – 1.2 – 3.6 m  

• Greenland Ice Sheet – would produce 

~7.2 m sea level rise 

http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=4168
https://www.youtube.com/watch?v=0S4T2Q8sBW8


Terrain under West Antarctic Ice 

Sheet – slopes downward inland 



Topographic 

map of 

Greenland 

bedrock, in 

effect showing 

the topography 

without the 

extant ice 

sheet. 



http://www.windows2universe.org 







Join Here! 



Join Here! 



Questions? 



Classroom Activity Kits  
Available at the NESTA Trading Post 

Glaciers: Then and Now CO2: How Much Do You Spew? 

Traveling Nitrogen 
And online in the 

Windows to  

the Universe 

Online Store! 



Bumper 

Stickers, 

too! 
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Please join  

us at the  

Rock and Mineral Raffle, 3:30 – 4:30 pm 

This room 
Rocks & Mineral 

Fossils & Sand 

Kits, and many  

other goodies! 


