
		



“The	Five	Bigger	Ideas”	

1.  Climate	change	is	a	real	and	serious	problem	facing	
global	society	in	the	coming	decades	and	centuries.	

2.  Climate	change	in	recent	decades	is	primarily	caused	by	
human	activities,	especially	as	related	to	energy	use.	

3.  Humans	can	take	actions	to	reduce	climate	cahgne	and	
its	impacts.	

4.  To	understand	deep	time	and	scale	of	space,	models	
and	maps	are	necessary.	

5.  The	earth	is	a	system	of	complex	systems.	



Source: NASA 





Systems Vulnerable to Climate 
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How Does Climate Change Affect Food Supply? 
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What	evidence	is	there	to	show	
there	is	a	rise	in	global	

temperature?		



Introduction:	What’s	happening	to	global	
temperature?		

• What	are	clarifying	questions?		
• Clarifying	questions:	expands	on	understanding	the	
information	is	is	presented	
• Who	collected	this	data?	
• When	was	it	collected?		
• Does	it	represent	what	it’s	supposed	to?		
• Who	funded	the	research?		



Introduction:	What’s	happening	to	global	
temperature?		

Global	Land	and	Ocean	Temperature	Anomalies	Graph	
• This	graph	shows	temperature	change	from	average	
• Take	a	look	at	your	piece	of	the	graph	
• Write	on	sticky	notes	

• 3	things	you	notice	
• 3	Clarifying	questions	

• Share		
https://www.climate.gov/news-features/understanding-
climate/climate-change-global-temperature	



	
	

Introduction:	What’s	happening	to	global	
temperature?		

• Discussion	about	the	graph	sections	
• Bring	your	graph	sections	to	the	front	and	put	them	
together	
	



Introduction:	What’s	happening	to	global	
temperature?		

• Why	is	it	important	to	look	at	this	graph	as	a	whole?		
• Why	is	it	important	to	look	at	change	over	time?	

• http://www.skepticalscience.com/graphics.php?g=47		



Activity	2:	What	are	the	indicators	of	the	
rise	in	global	temperature?		

• Besides	looking	at	a	thermometer,	what	are	things	
you	see/hear/smell	that	indicate	changes	in	
temperature?	



Activity	2:	What	are	the	indicators	of	the	
rise	in	global	temperature?		

• Each	group	will	get	1	figure	to	look	at	
• Find	Temperature	Indicators	student	worksheet	
• Study	your	figure,	discover	what	indicators	are	shown,	
answer	questions	to	help	clarify	and	ensure	the	
evidence	is	reliable	

• Page	25-26:	Read	your	figure’s	explanation,	to	help	
add	to	your	answers	





Conclusion:	What	are	the	indicators	of	the	
rise	in	global	temperature?	

• Present	and	hang	figure	on	wall	
• What	can	we	learn	from	multiple	lines	of	evidence?	
• What	conclusions	can	you	draw?		
• These	figures,	when	put	together,	provide	evidence	
for	__________.	

• What	data	is	missing?	Anything	you	would	add?		



















Duluth, Minnesota  
June 2012 



“[Climate change]  
is contributing to an  

increased incidence of  
extreme weather  

because the environment  
in which all storms form has  

changed  
from human activities.” 

Kevin Trenberth 
U.S. National Center for Atmospheric Research 

June 15, 2011 







Allergies	Will	Be	Much	Worse	by	2040	

2040 
Grains of 
pollen per 
cubic meter: 21,735 

2000 
Grains of 
pollen per 
cubic meter: 8,455 

Average pollen counts are specific to North America Source: Dr. Leonard Bielory, Visiting Professor, Center for Environmental Prediction, SEBS, Rutgers University.  
Image: © Jill Fromer/Photodisc/Getty Images 



As Temperatures Rise, So Does Water Use 

People	 Crops	 Energy	 Animals	Industry	

© 
25StockMedia 



Ahmedabad, India 
May 21, 2015 

© 2015 AP Photo/Ajit Solanki 

At least 2,330 
people died in the 
2015 India heat 
wave  



Isle	de	Jean	Charles		
First	United	States	Climate	Refugees	





Turn	and	Talk	
	
Have	you	witnessed	changes	in	your	
community?	How	have	these	changes	impacted	
you	or	your	students?	



So	why	is	this	happening?	



Stand up  
Introduce yourself to a new person 
Share your favorite example of a model 



What	is	a	model?	

• represents	the	objects	and	the	relationships	among	them	to	
explain	and	predict	phenomena	

• provides	a	causal	mechanism	that	accounts	for	the	
phenomenon	

• could	be	depicted	as	a	drawing,	diagram,	3-D,	or	other	
representation,	but	only	representations	that	explain	and	
predict	phenomena	are	scientific	models	

• Models	explain	or	predict	how	and	why	phenomena	happen	



What	is	a	model?	

• represents	the	objects	and	the	relationships	among	them	to	
explain	and	predict	phenomena	

• provides	a	causal	mechanism	that	accounts	for	the	
phenomenon	

• could	be	depicted	as	a	drawing,	diagram,	3-D,	or	other	
representation,	but	only	representations	that	explain	and	
predict	phenomena	are	scientific	models	

• Models	explain	or	predict	how	and	why	phenomena	happen	



Create	a	Model	of	the	Carbon	Cycle	

• In	groups,	use	flip	chart	paper	to	make	a	model	of	
how	you	understand	the	carbon	cycle	

• How	will	you	indicate	movement?	Time	and	scale?	
Change?	

• Use	color	coding	if	you’d	like	
• Note:	you	will	add	to	this	later	
	



Carbon	Cycle	Game	

• You	are	are	molecule	of	carbon	
• Find	the	Student	Page	(half	sheet)	
• Write	down	where	you	are,	then	role	the	dice	at	
your	station	

• Move	to	the	next	station	or	you	may	need	to	stay,	
write	that	down	too	

• Round	1:	You	will	travel	around	the	Earth	as	a	
carbon	molecule	in	the	pre-industrial	era	

	



Carbon	Cycle	Game	

• Round	2:	The	Industrial	Age	
• There	is	a	change	of	dice	at	the	lithosphere	

• Same	rules…go!	



Carbon	Cycle	Game	
• Put	the	finishing	touches	on	your	model.	
• How	did	the	second	round	compare	with	your	first	journey	
through	the	carbon	cycle?			

• Did	you	see	any	patterns?	For	instance	did	you	stay	at	any	
place	more	than	once?	

• Did	anyone	find	themselves	“stuck”	in	one	place?	What	may	
explain	this?		

• Did	anyone	go	back	and	forth	between	two	stations	(for	
example,	biosphere	and	atmosphere)?	What	may	explain	this?		

Hang	on	to	your	Carbon	Cycle	Model…we	will	come	back	to	it	
soon	



•  How does an understanding of the carbon cycle 
help us understand climate change causes AND 
solutions? 

•  How can models be used to assess student 
learning?  

	
Carbon	and	Models	



Where	did	the	carbon	go?	





Source: NASA 



Solar 
radiation 

in the form of 
lightwaves 

passes 
through the 

atmosphere 



Most of this radiation  
is absorbed by the 
Earth and warms it 



Most of this radiation  

is absorbed by the 

Earth and warms it 

Some energy is 
radiated back into 
space by the earth 
in the form of 
infrared waves 



Some of this 
outgoing infrared 
radiation is trapped 
by the earth’s 
atmosphere and 
warms it 

Some energy is 
radiated back into 
space by the earth 
in the form of 
infrared waves 

Most of this radiation  
is absorbed by the 
Earth and warms it 



Some of this 
outgoing infrared 
radiation is trapped 
by the earth’s 
atmosphere and 
warms it 

Some energy is 
radiated back into 
space by the earth 
in the form of 
infrared waves 

Most of this radiation  
is absorbed by the 
Earth and warms it 



Some of this 
outgoing infrared 
radiation is trapped 
by the earth’s 
atmosphere and 
warms it 

Some energy is 
radiated back into 
space by the earth 
in the form of 
infrared waves 

Most of this radiation  
is absorbed by the 
Earth and warms it 





Greenhouse Effect Game 



Greenhouse Effect Game 

• How	was	this	game	like	the	atmosphere/not	like	the	
atmosphere?	

• What	makes	the	game	an	accurate	or	inaccurate	
model	of	the	atmosphere?	



Why does this impact some more than 
others? 



A Tale of Two Urban Neighborhoods
Neighborhood A Neighborhood B 

Population Density              

% of People of Color       

House Value Upper Quartile             

MPCA Contaminated Sites      

Energy Vulnerability 

Existing Tree Canopy      

11 per acre 

75.1% or more 

   $266,200 

44 sites/acre  

Mod-High  

3.8%                 

3 per acre 

10% or less 

$869,800 

8 sites/acre 

Low 

42.41% 
 

These disparities do not arise by accident, but through 
years of decision making and land use planning that 
results in such high disparities in the health of EJ 
communities like this. Data credit: CEED 





From Greenhouse to Hothouse 

An	exercise	that	visually	demonstrates	and	represents	
the	scale	of	fossil	fuel	consumption	and	growth.	



What	factors	have	caused	the	
rise	in	the	global	temperature	

over	the	last	century?		



Claim,	Evidence,	Reasoning	
Claim:	What	do	you	know?		
Evidence:	How	do	you	know	

that?		
Reasoning:	Why	does	your	

evidence	support	your	
claim?		

	
Is	air	matter?		
My	dad’s	an	alien!	



Claim,	Evidence,	Reasoning	
• Make	a	claim	

•  Composting	is	good	for	the	environment.	

•  Give	evidence	to	support	
•  Composting	keeps	organic	waste	out	of	landfills,	turns	it	back	

into	good	soil,	&	reduces	methane	productions	in	landfills.	

•  Provide	reasoning	
•  My	evidence	supports	my	claim	because	food	waste	takes	up	a	

lot	of	space	in	our	landfills.	As	it	decays	it	produces	a	lot	of	
methane	gas	in	landfills.	When	composted	material	has	time	to	
decompose	on	its	own,	it	turns	back	into	good,	rich	soil	that	can	
be	used	in	gardens	and	farms.	



Claim,	Evidence,	Reasoning	

Things	to	remember	
• This	activity	is	not	about	having	a	debate	
• Scientists	have	already	established	that	climate	
change	is	happening,	it	is	real	and	it	is	human-
caused.		

• Debating	about	the	existence	of	climate	change	is	
bad	practice	and	will	lead	to	misconceptions	for	
students.		



	
	

Claim,	Evidence,	Reasoning	
What	is	causing	the	global	average	temperature	on	Earth	to	
increase?		
• Find	Student	Worksheet:	Claim,	Evidence,	Reasoning	
• For	each	figure,	write	a	brief	summary	
• Work	on	one	figure	at	a	time	





•  Make	a	claim	
•  Give	evidence	to	
support	

•  Provide	reasoning	
	
	

CER	Worksheet	



What	else	is	causing	the	rise	in	
temperature?		



CO2 is being released  
into the atmosphere  

faster than at any time in  
at least the last  
66 million years. 

Source: RE Zeebe, et al., Nature 
Geoscience, March 2016 



Mechanism	of	Climate	Change	

credit:	NNOCCI	

THAWING PERMAFROST 

COAL MINING COAL PLANTS 
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INDUSTRIAL AGRICULTURE 

INDUSTRIAL PROCESSES 

AIR TRANSPORT 

The Biggest Sources of Greenhouse Gases  

Melcher 



Greenhouse	Gas	 Global	Warming	Potential	(GWP)	
(over	100	years)	

%	of	Total	Anthropogenic	GHG	
Emissions	(2010)		

Carbon	dioxide	(CO2)	 1	 76%	

Methane	(CH4)	 25	 16%	

Nitrous	oxide	(N2O)	 298	 6%	

Hydrofluorocarbons	(HFCs)	 124-14,800	 <	2%	

Perfluorocarbons	(PFCs)	 7,390-12,200	 <	2%	

Sulphur	hexafluoride	(SF6)	 22,800	 <	2%	

Nitrogen	trifluoride	(NF3)		 17,200	 <	2%	



Coal 

Benefits of Fossil Fuels

Natural Gas 

Oil 

Material in Steel 

Cheap Electricity 

Heating 

Lubrication 

Materials 

Transportation 

Steel is a key construction material. 
Electric lights, motors, appliances, 
and other applications are 
indispensable to our way of life.  

Natural gas is second to coal in 
generating electricity. In the USA 
gas is widely used for heating and 
cooking.  

Oil is used for heating. As a 
lubricant it is essential to every 
kind of machine. Plastics and other 
synthetic materials are made from 
petroleum. Burned as a fuel, oil 
powers the global fleet of cards, 
trucks, and buses.  



Federal Subsides Have Favored Fossil Fuels 

Oil & 
Gas, 

446.96 

Nuclear, 
185.38 

Biofuels, 
32.34 

Renewables, 
5.93  

Source: What Would Jefferson Do?  
DBL Investors, September 2011 

Cumulative Historical Federal Subsides 
2010$, billions 



Campaign Contributions from the  
Fossil Fuel Industry 



Source: NASA 



How	do	we	know?	



How do we know?  



How do we know?  



How do we know?  



How do we know?  

http://www.windows2universe.org/earth/climate/coral_proxy_climate_nsf.html	



Traditional Ecological Knowledge 

How do we know?  



97% of Climate Scientists agree	

How do we know?  





Modify your Carbon Cycle Model 

• What	other	systems	might	you	add	to	your	carbon	
cycle	model?	

• If	you	were	to	add	economic,	social,	and	political	
systems,	what	else	is	influencing	the	carbon	cycle?		



Global	Economic	Systems	

Global	Political	Systems	



Reflection Time 

• Using	your	Rubric,	rate	your	knowledge	of	each	
core	idea	and	practice	

• We	didn’t	talk	about	everything	today	
• Answer	a	question	or	two	in	your	journal	
• Look	through	tomorrow’s	agenda	and	make	a	
plan	



End of Day 1 
Time	to	Play!		


