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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/


Weather and Climate Literacy 

• Brief introduction 

to weather and 

climate 

– What’s the 

difference? 

– Variability 

• Climate change 

today 

Activities 

• CO2: Sources and 

Sinks with 

extension 

• Global Temperature 

and Variability 







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-ESS3.5: Analyze geoscience data and the 

results from global climate models to make an evidence-

based forecast of the current rate of global or regional 

climate change and associated future impacts to Earth 

systems.  

• Science and Engineering Practices: Analyzing and 

Interpreting Data; Using Mathematics and Computational 

Thinking; Constructing Explanations; Engaging in 

Argument from Evidence. 

• Crosscutting Concepts: Cause and Effect; Stability and 

Change. 



http://ametsoc.org/amsedu/dstreme/images/sfc_map.gif 



Hurricane Sandy 

October 21, 2012 0345Z through October 31, 2012 1315Z 



Regional Climate 

• Average weather in a location for 30 years 

(currently 1980 – 2010) or more  

– Temperature, precipitation, winds, etc. 

– Determined by latitude, altitude, 

topography, large scale atmospheric and 

oceanic circulation patterns, proximity to 

large bodies of water 



Long 

Beach 

climate 

http://www.climate-charts.com/Locations/u/US72297000450851.php 



Weather 

 

 

 

Climate 
 

 

 

Commonly Accepted Definitions 

Or, in the words of a middle school student…. 

"climate tells you what clothes to buy, but weather 

tells you what clothes to wear."  

 

refers to the current atmospheric conditions 

(including temperature, precipitation, wind, 

humidity, barometric pressure) at a particular time 

and place. 

refers to the general weather patterns expected in 

a given area (sometimes based on the 30 year 

average weather).  Climate may also be applied 

more generally to large-scale weather patterns in 

time or space (e.g., an Ice Age climate or a tropical 

climate). 



Earth’s Global Climate 

• The Earth’s global climate is driven by energy from the Sun, 
modulated by the composition of our atmosphere, and the Earth’s 
albedo 

• Earth’s climate is “just right”, compared to Venus and Mars 

CO2 96% of atmospheric gases 

.3 - .6 mbar atm pressure 

1015 mbar atm pressure 

92 bar atm pressure 



1000-yr flood, Nashville, Tennessee, 2010 



Damage from Hurricane Irene, 2011 



Drought on the Mississippi River, 2012 



Drought in California 

Intensity: 

D0 - Abnormally Dry 

D1 - Moderate Drought 

D2 - Severe Drought 

D3 - Extreme Drought 

D4 - Exceptional Drought 

The Drought Monitor focuses on 

broad-scale conditions. Local 

conditions may vary.  

http://droughtmonitor.unl.edu/Home/RegionalDroughtMonitor.aspx?west 



http://www.ncdc.noaa.gov/sotc/service/global/extremes/201410.gif  

http://www.ncdc.noaa.gov/sotc/service/global/extremes/201410.gif
http://www.ncdc.noaa.gov/sotc/service/global/extremes/201410.gif




From testimony by Frank Nutter, President, Reinsurance Association of America, at US Senate Committee on Environment 

and Public Works, July 18, 2013 



Extreme Events 

• An extreme weather 

event is an event that is 

rare at a particular place 

and time of year.  

• What do we mean by 

‘rare’? 

– Statistically 

– At the fringes of what is 

normally seen in the 

distribution of weather 

events 



IPCC 5th 
Assessment (2013) 

• Minimum and 
maximum 
temperatures 
have both 
increased 

• Minimum 
temperatures 
have increased 
somewhat more 
than maximum 
temperatures 

 







Annual Global Land Temperature 



Recent Warming 

(IPCC 5th Assessment, 2013) 

• Observed global 
mean combined 
land and ocean 
surface 
temperature 
anomalies, from 
1850 to 2012 
from three data 
sets 

• Annual mean 
values 

• Anomalies are 
relative to the 
mean of 
1961−1990. 



What’s driving this? 

• Important to current 

climate warming 

– Greenhouse gases 

– Albedo 

– Ocean 

– Aerosols 

– Clouds  

• Really interesting, but 

not a major factor in 

current climate 

warming 

– Solar variability 

– Volcanoes 

– Plate tectonics 

 



Description: 

Black Dots: Monthly average 

atmospheric carbon dioxide 

concentration versus time at 

stations in the Northern and 

Southern Hemispheres where CO2 

concentration is in parts per million 

in the mole fraction (p.p.m.).  

 

Black Curves: The sum of 4 

seasonal harmonics and a spline 

function to the stations CO2 

concentration data. The seasonal 

harmonics include a linear gain 

factor, to represent increasing 

amplitude with time.  

 

Station code names are as follows: 

PTB = Point Barrow, LJO = La 

Jolla, MLO = Mauna Loa 

Observatory, CHR = Christmas 

Island, SAM = Samoa, and SPO = 

South Pole.  



 



Pleistocene Temperature, Carbon Dioxide 

and Methane from EPICA Ice Core 

(Antarctica) 

IGBP Policy Brief, 2011, Planet Under Pressure Conference 

Homo sapiens 
300 

http://igbp.sv.internetborder.se/publications/policybriefsforrio20summit/policybriefsforrio20summit/interconnectedrisksandsolutionsforaplanetunderpressure.5.20d892f132f30b443080001954.html


CO2 also causing ‘ocean acidifcation’ 

http://earth2class.org/site/taro-takahashi-ocean-acidification-7-feb-

2015/  

http://earth2class.org/site/taro-takahashi-ocean-acidification-7-feb-2015/
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Carbon Dioxide – Sources and Sinks 

Students investigate how carbon dioxide gets into and out of the 

atmosphere using a chemical indicator (BTB). 

Materials for each group: 

 Rack and 4 tubes 

  1 – vinegar 

  2 – BTB 

  1 –foil covered 

 Stopper with tubing 

 Cotton balls 

 Baking soda 

 Aluminum foil  

 Straws 

 



Carbon 

Dioxide – 

Sources and 

Sinks Activity 

Part 1: 

Detecting 

Carbon 

Dioxide Gas 

 

(i.e., figuring 

out how this 

chemical 

indicator 

works) 

1. Make a small "boat" 

out of foil and fill 1/2 full 

of baking soda.  

2. Carefully slide the foil 

boat inside the vinegar 

test tube without spilling 

baking soda from the boat. 

Plug the test tube with the 

stopper and tubing. 

3. Place the free end of 

the tubing into BTB. Place 

a cotton ball at the neck of 

the BTB tube. Mix the 

vinegar and soda gently. 

What happened? 

 



Carbon Dioxide – Sources and Sinks 

Part 2: Are animals a source of CO2? 
1. Place a straw in a test tube of BTB.  

2. Place a cotton ball in the test tube opening.  

3. Gently blow in the straw. 

4. What happened? 

Part 3: Are plants a source of CO2? 
1. Place a sprig of Elodea (or other water plant) 

into a test tube of BTB. 

2. Wrap the tube in foil so that no light can get in.  

3. Leave it for at least 24 hours. 

4. Unwrap – what happened?  

Part 4: Do plants take up CO2? 

• Place unwrapped test tube with Elodea from 

Part 3 in light for a day. 

 

 



2010 2011 2012 2013 2014 

Δ𝑦

Δ𝑥
 ≈ 

9 𝑝𝑝𝑚𝑣

4 𝑦𝑟𝑠
 = 2.25 ppmv/yr 

400 𝑝𝑝𝑚𝑣

2.25 𝑝𝑝𝑚𝑣/𝑦𝑟
≈178 𝑦𝑟𝑠 

~3 

800 ppmv – CO2 in Cretaceous 



The temperature record selected for the activity is from the NASA GISS 

• Warming or cooling? 

• Variability? 







Figure 4 - Average of 5 adjusted data sets determined from analysis of global 

temperature anomaly records removing the influence of ENSO, volcanic activity, 

and solar cycle variations.  See Foster and Rahmstorf (2011) for a detailed 

discussion of their treatment of the data. 

 



Global Land and Sea Temperature 

Analysis Activity  

The objective of this activity is  

• to get students to think about the atmospheric temperature 

data,  

• to estimate trends in the data, and  

• to develop an understanding of the need to consider 

appropriate intervals for sampling depending on the 

question being asked 

Key points 

• Climate refers to the long-term average of weather 

conditions while weather is inherently variable, and 

changes from day to day 

• To assess climate change, we look at long term, not year-

to-year, or even a decade… 



Question 3 

 



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, today! 
Rocks & Mineral 

Fossils & Sand 

Kits, and many  

other goodies! 




